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Foreword 


This book has resulted (rom the Symposium on the Natural 
Resources of Rajasthan, which was held at the Jodhpur University, 
Jodhpur, from 23-26 October, 1968- The holding of the Symposium 
was made possible through generous grants received from the Jodhpur 
University and the University Grants Commission. It fulfilled a real 
need. The response, both in the contribution of papers as well as for 
the Exhibition, was beyond our expectations, and we are pleased that 
this was so. For the Symposium itself, a printed Abstracts of Papers was 
provided to all the participants. But it was widely felt that the pub]i> 
cation of the fuller papers which were read would make a valuable 
contribution to our knowledge of the natural resources of the region, 
particularly the arid region, and also to the general subjects concerned, 
namely, fauna, flora, hydrology, solar and wind power, mineral 
resources, geology, soils, climate, etc. 

The only comparable event was the ‘’Symposium on the Rajputana 
Desert” which was held in New Delhi in 1952 by the National Institute 
of Sciences of India (published as the Bulletin of the Xalional Institute of 
Sciences of India, Delhi, Ho. 1, v+302 pp., 1952) in which a wide 
field was covered. Since then, certain events have happened which 
resulted in the intensification of research work in Rajasthan. 
These are the establishment, at Jodhpur, of the Central Arid Zone 
Research Institute and the University of Jodhpur, 

Furthermore, organisations, both of the Rajasthan State and the 
Central Government, such as the all-India Surveys (the Zoological 
Survey of India, the Botanical Survey of India and the Geological 
Survey of India), the Exploratory Tube Wells Organisation, the Rajas- 
than Ground W'ater Board, the Alining and Geology Department of 
R^astban, the Fertilizer Corporation of India, the Atomic Energy 
Establishment, the Oil and Natural Gas Commission, the Hindustan 
Salts Ltd., and a number of other organisations, have carried out inten- 
sive investigations in the region. As a result, a large body of extremely 
valuable new knowledge has accumulated, and this is abundantly reflected 



in the present Symposium. A comparison with the 1952 Symposium 
will make this evident. Special fields in which new knowledge has been 
acquired are : the fauna and flora, the pests of agricultural crops 
(insects, nematodes, lodcnts), animal and plant physiology in deserts, 
surface and ground water resources, power resources (e.g., wind, solar 
and atomic energy), the reclamation of saline soils, the fertilizer and 
other minerals, the oil and natural gas resources, physiography, geo- 
morphology and land utilwation, the nature of soils, and the study of 
climate. All these topics tvere dealt with in the Symposium. 

I acknowledge with gratitude the valuable services rendered by all 
those who assisted me in editing this volume, especially Dr. S. Johnson, 
Dr. R.S. Gamhhir and Mr. D. Banerjec on whom fell the major burden 
of this laborious process. Several papers had to be considerably reduced 
due to considerations of space. In a few cases the authors failed to 
supply the full papers, and these have been given as abstracts only. I 
believe that the book will serve as a valuable, and in fact an indispens- 
able, work of reference and svUI, I hope, be widely used. As far as I 
know, such a compendium of natural resources does not exist for any of 
the Indian States. 

M. L. Rookwal 
G eneral President 

and 

May, 1969 Vice-Chancellor, Jodhpur University 

FoslKfipt 

This book has, I regret, taken much too long in printing, much 
longer in fact than was expected. This was due to reasons quite beyond 
our control. In some cases the authors have updated the material in 
the proof stage. The successive Vice-Chancellors (Mr. V.V. John, 
Dr. P.N. Masaldan and Prof. S.C. Goyal) did all they could to assist in 
the printing, and I acknowledge their generous help. The Manager of 
the Jodhpur University Press. Mr, M.M. Mathur, and the Secretary. 
Press Management CommiMce. Mr. M. S. Maheshwari. have given 
their fullest cooperation, and I acknosvledgc this assistance with thanks. 
Jodhpur 
January, 1977 


M.L.R. 
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PART 1 


Official Hallers 



I. ADDRESS OF THE GENERAL PRESIDENT 

M. L. Roonwal 
Ph.D. & SaD. (Casttab), F.N.A. 

Vice~Chanctllor, Jodhpur VmstTtily, Jodhpur 

Deli%’ercd on 23rd October, 1968, to the Symposium on 
Natural Resources of Rajasthan, Jodhpur 


Delegates to the Symposium, Distinguished Guests, 

Ladies and Gentlemen, 

iNTRODfCTORY 

Sixteen years ago, in March 1952, the National Institute of 
Sciences in India in cooperation with the Government of India held, 
in New Delhi, a “Symposium on the Rajputana Desert’*, and the 
proceedings of that important symposium were published by the 
Institute in September 1952 in an impressive volume of nearly 300 
pages.* It dealt with the many problems of the western desert which, 
it is feared, is marching at a rapid rate towards the east. As the title 
indicates, the symposium was confined to the desert portion of Rajasthan. 

Scope ajjo Coverage 

Rajasthan is one of the largest States of India, with an area of 
3,42,274 sq. km. and a population of nearly 20 million. Situated on 
our western border, it has great strategic value. The western two-thirds 
of it is a dry and desert area which is rather unproductive and poor 
in agriculture, while the eastern one-third, demarcated by the Aravalis, 
is an area svhich is svetter and is also agriculturally taore productive. 
Tlic svestem area contains vast grasslands and sustains large herds of 
cattle, sheep and goats which form die backbone of its economy. The 
people arc traditional and this is one of the reasons why Rajasthan has 
one of the lowest per capita income among the States of India. Even 
for its small population, the annual food production is low and falls 

*R«jsftEja Drtert^SrJJ. »»»»*4t/«/ if*. /«Aa, Sew Delhi. So I, 'r-*-27Zpp, 

2 pli, 1952. 



4 : Natural Resourcrs of Rajasthan 


shoTt of the actual requirement by nearly 0.2 million tonnes as against 
the requirement of nearly 0.6 million tonnes. » 

To add to this dreary picture there is a fear that the Indian desert 
is spreading outward in a great convex arc through Ferozepur, Patiala 
and Agra towards Aligarh and Kasganj at the rate of about half a mile 
per year during the last 50 yejtrs and is encroaching upon approximately 
50 sq. miles of fertile land every year. While this estimate, as given by 
the Planning Commission some years ago, may be very approximate 
and is not universally admitted, there is no doubt that the desert 
conditions have been deteriorating.* This process has to be checked as 
the desert has been advancing due to lack of adequate afibrestation and 
other means. This point was made sufficiently clear in the National 
Institute Symposium which-1 have referred to earlier. 

It has been felt for some lime that a comprehensive survey of the 
natural resources oC the entire Slate of Rajasthan would be useful for 
the alNround development of the State on a scientific basis and for 
future planning. 

The present Symposium has been divided into five major sections, 
namely : 

lA) Plant Resources of Rajasthan. 

(B) Animal Resources of Rajasthan. 

(C) Physical and Power Resources of Rajasthan. 

(D) Mineral and Industrial Rcsourscs of Rajasthan. 

(E) Geology, Soils, Geography and Climate of Rajasthan. 

Within each of these major scctiom, various other items of impor- 
tance have been dealt with .md I will give here only a few of them in 
order to let you know the coverage of the Symposium. 

The Plant Resources Section deals with sucli topics as the floral 
composition of Rajasthan, plants useful to man, forest wealth, and water 
relations of plants. 

The Animal Resources Section deals with the faunal composition 
of Rajasthan, animals useful to man (such as fish and fisheries, sheep, 
goats, etc.), animals harmful to man (such as rats and other rodents, 
locusts, termites or whitc-ants, helminth parasites, and animals which 
spread disease), and wild life. 

The Section on Physical and Power Resources deals with such 
topics as solar and wind energy, atomic energy, etc. 

The Section on Mineral and Industrial Resources deals with oil 

up Section E of thii Sytnpotmni. on the 
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and natural gas, coal and lignite, minerals including atomic minerals, 
building stones, fertilizer minerals and salts. 

The Section on Soils, Geology, Geography and Climate deals with 
such topics as geology of Rajasthan, palaeontology, sur vey s of ground 
w ater reso urces, soils, urban and rural land use aad cUmaiology. 

The meetings of the various Sections will be held simultaneously 
under. their respective Chairmen. Each paper will be followed by a 
discussion. We are fortunate in having distinguished experts as our 
Chairmen. They are : 

1. Dr. Mukhtar Singh, Director, Central Arid Zone Research 
Institute, Jodhpur, as Chairman of Section (A) on Plant Resources. 

2. Professor S. D. Misra, Professor of Zoology at the Jodhpur 
University, as Chairman of Section (B) on Animal Resources. 

3. Professor M.L, Mathur, Professor of Mechanical Engineer- 
ing and Dean of the Engineering Faculty, Jodhpur University, as Chair- 
man of Section (C) on Physical and Power Resources. 

4. Professor R.P. Sinba, Professor of Mining Engineering at 
the Jodhpur University, as the Chaiman of Section (D) on Mineral 
and Industrial Resources. 

5. Dr. B.B. Roy, Head of the Division of Basic Resources 
Studies, Central Arid Zone Research Institute, Jodhpur, as the Chairman 
of Section (E) on Geology. Soils, Geography and Climate. 

Along with the Symposium we are also bolding an Exhibition on 
the Natural Resources of Rajasthan. I invite all of you to see the 
Exhibition. The object of the Exhibition is to display, as far as possible, 
the natural resources of the State. It will be open to the public. For 
the benefit to the students of the Unh'crsity, it svill remain open from 
23rd October to 2nd November so that, on return from the mid-term 
vac.Ttion, they may have the opportunity of seeing it. 

Impact of Science and Tecunoldoy 

I would like to say a few words about our general approach to 
problems of developmental growth. There is a unfvcnal desire m the 
country, and this is repeated from a thousand platforms, that we wish 
to raise the standard of living of our people and that everything that 
we are doing today by way of investments, planning and so on leads to 
this goal. It is generally felt that in the first few years of the Indepen- 
dence our progress was heartening but that in the last few years we have 
come more or less to a standstill. \NTiat is worse, according to some 
figures we have started sliding back at a rather alarming rate and that 
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the gap between the developed nations such as Europe, North America 
and Russia on the one hand, and the underdeveloped nations such as 
India and the whole of the Asia (except Japan), on the other, is widening 
at a frightening pace. In fact, some experts have even started doubting 
whether we will ever catch up. Others have gone to the length of 
saying that these countries have been bom to hunger and that there is 
no hope of their being well fed in the near future. Still others angrily 
contradict this dreadful claim and assert that during the next three years 
wc will be self-sufficient, and in support statistics of crop production, 
iitigation projects and so on are quoted. The fact is that the picture is 
not a rosy one and we have been fed so much on statistics that the idea 
of being given some more is not now palatable. 

Then take the case of disease. Through-our own fine efforts and 
with the cooperation of the World Health Organization we had almost 
controlled malaria, that dreadful disease which causes suffering and 
death to millions of people and economic loss worth millions of rupees 
every year. But malaria is again cropping up and if we do not look 
sharp we may have it on a large scale amongst us. Mosquito control 
operations, which were a major feature in the control of malaria, are 
virtually at a standstill. 

We have failed to eradicate such eradicable diseases as small pox, 
cholera and typhoid. Twenty years of independence have not taught 
us even the elementary rules of hygiene. You have only to take a walk 
in the early morning in the city of Jodhpur, or, for that matter, of any 
city in Rajasthan, to discover how horrible the sanitary conditions are 
and, therefore, there is no v»ondcr that diseases like typhoid are perma- 
nent guests with us. 

We often speak of our enlightened and scientific past and that 
2000 years ago we had eminent physicians, surgeons, astronomers, 
matbematician!. and so on. But to talk of this past in the present 
difficult context is in my opinion like taking opium to get relief from 
an acute pdvn for which there appears to be no immediate remedy in 
sight. 

What then is the remedy ? In all conscience, the problem is a 
complex one. It is bound up wth many factors such as political 
stability, enlightened leadership, a disciplined and hard working people, 
adequate financial resources, an honest and energetic administration, 
and, finally, science and technology. 

I am concerned today mainly with the last. No one seems to 
deny that our future rests largely on the application of science and 
technology to our daily problems. With due respect to men of religion 
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and philosophy, it has to be admitted that there is no aspect of human 
activity today which is divorced from intimate relationship with the 
discoveries of science and technology and their applications. 

The late Prime Minister Jawahar Lai Nehru was an ardent 
advocate of the role of science in daily life and took every opportunity 
that came to him to emphaaze this point. You will recall that he 
attended almost every session of the Indian Science Congress during his 
long primcministership, sometimes even at great personal inconve- 
nience. At one meeting of the Science Congress where the arrange- 
ments were not efficient, he complained that people had taken his 
presence at the Congress for granted. He personally took initiative in 
guiding the Council of Scientific and Industrial Research and the Atomic 
Energy Commission. The pace of scientific development in the country 
is due largely to his inspiration. 

Today we spend more than 20 times the sum on science which we 
did at the beginning of Independence. Even this sum is really insigni- 
ficant when we compare it with what other countries such as the U.S.A. 
and the U.S.S.R., where science has made phenomenal strides, are 
spending. We spend barely 0.34 per cent of our national income on 
scientific research while the minimum figure recommended by the 
UNESCO is 3 per cent. Russia has welt over 50 thousand geologists 
■whereas we have barely a thousand. The tragedy of our present deve- 
lopment is that while the Centre has poured money in science, with 
good results here and there, there is still a fundamental lack of the 
scientific temper. The States, with few exceptions, have lagged behind. 

In Rajasthan, the enlightened Chief Minister, has done great 
things for the development of education. I hope he will now give his 
helping hand to the development of science in the State, because this 
will have a direct impact on the development of the State. In this 
regard I venture to make a few suggestions : 

( i ) There is an urgent need for a survey of the natural resources 
of the State in a coordinated manner. For this purpose it is not neces- 
sary to entirely depend on the Central agencies. The State should be 
in a position to have its own agencies for surveys of the fauna, flora, 
medicinal plants, forest wealth, minerals, etc. Coordination with the 
Central agencies will of course be necessary. The eristing Slate agencies 
are too few and too ill equipped to have much impact. 

(ii) It would be useful to have for the State a Science Coordi- 
nation Body which will also evolve a scientific policy for the State. 

(iii) In the processes both of the natural resources survey and 
of science coordination, the existing talent in the universities, colleges 
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aud other institutions of learning could be harnessed and made use of. 
The problem will be mainly one of coordination rather than of creation 
of new departments. 

(iv) The State should encourage private scientific societies. The 
least it could do is to have a Science Academy which would serve the 
dual purpose of encouraging science as well as giving independent advice 
to the Government on matters of scientific importance. At present we 
ha\e a small private academy started nearly 20 years ago and known as 
the Rajasthan Academy of Science, with headquarters at Pilani, and of 
which I have the honour to be a Fellow and a former President. Within 
Its limited resources, the Academy is doing useful work but its progress 
IS handicapped by want of money. With Government help, one large 
science academy should be formed. It can serve as a centre not only 
for scientific meetings but also publish a good scientific journal of 
a high standard. 
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Often jt is one preceded by a stage of muddled imaginative 
suspense. Here we conjure up an attractive theory, but there is an 
inconvenient fact staring us in the face svith a wicked, cynical smile, 
spoiling our beautiful picture. This may last for months or a year 
and sometimes you arc obliged to throw away your beautiful picture 
into the dust fain. Sometimes, however, more new facts come to light 
and adjust the inconvenient tacts into their places and the theory is 
upheld, to your great joy. 

The present severe famine in the State should make us think. 
This is not the first time that we arc having a famine. Had enongh and 
vigorous scientific efforts being made in the last twenty years, I am 
confident that by now the famine conditions would have been very 
much milder and perhaps only of marginal significance. U’c have 
enormous resources of underground water and it is technologically easy 
to tap them. ^Vhy have we not done this so far is a point which I am 
unable to understand. Something is lacking somewhere and wc should 
try to find out how this lacuna can be filled. I am sure the solution 
will lie in the application of science. 

AcKNOWLEDCEMEN’TS 

Finally, it is a pleasant duty to express my sincere thanks and 
gratitude, on behalf of the University and on my own behalf, to all 
those who have taken part in the preparation of the Symposium. With- 
out their assistance the Symposium would not have been possible. The 
members of the various Committees and the Conveners have done fine 
work. I would like to mention here the names of the Conveners and 
would reqticst them to convey our thanks to all the members of their 
Committees. The Conveners are ; 

Exhibition Committee : Shri A.K. Sen; and later on 

Dr. Ishtvar Prakash 

Lodging and Boarding Committee : Shri K.N. Mchra 
Reception Committee : Dr. S. Khera 

Programme Commillec : Dr. G.C. Sbivbarc 

Publication Committee : Shri Jagdish Chandra 

Finance Committee : Shri C.R. Nigam 

Transport Committee : Dr. C.L. Gupta 

in the first few months Professor K.M. Gupta did fine preparatory 
work as the General Secretary. Later, on his resignation due to personal 
reasons, the work has been taken up by Professor S.D. Miira. To both 
of them, and to their energetic Atristani General Secretary, Dr. D.N. 
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Sen, I would Jike to convey my appreciation and thanks. 

To the members of the ^ccutivc Committee I wish to express my 
thanks for the continued help and cooperation. 

To the student \olunteers who haw done fine work in receiving 
the delegates and in looking after their comforts, I wish to say a special 
word of thanks. 

To the Ricmhers of the General Organizing Committee I am 
grateful for their cooperation. 

The University Grants Commission and the University of Jodhpur 
have given generous donations which have made the holding of the 
Symposium possible and we express our indebtedness to these august 
bodies. 

The following business firms of Jodhpur gave generous donations 
towards the publication of our brochure and we thank them heartily : 

The Aruo Hotel; The Light House; The Sbab Theatres Private 
limited; and The West Airlines. 

Finally, I hope. Ladies and Gentlemen, that you will join me in 
wishing success to this unique Symposium. Apart from the delegates 
who will read the papers. I invite all of you to feel free to attend any 
of the sessional meeting in which you may be interested. 



2 . REPORT OF THE GENERAL SECRETARY 


To the Symposium and Exhibition on Natural Resources of Rajasthan 
held at the Jodhpur University, Jodhpur, on 23-26 October, 1966 

-fij 

S. D. hlfSRA 

PiuftssoT of jodhpuT Unitersily, Jodhpvr 


The Symposium 

The Symposium oa the Natural Resources of Rajasthan was orga* 
nized by the University of Jodhpur from 23 lo 26 October, 1968, in 
which 117 papers were presented, representing 46 research institutes, 
government departments and universities, including three foreign 
institutions. Tiie deliberations covered the resources in live sections, 
viz., (A) Plant Resources, (B) Animal Resources, (C) Physical and 
Power Resources, (D) Mineral and Industrial Resources, and (E) Geo« 
log)', Soils. Geography and Climate of Rajasthan. The vast informa- 
tive material on the natural resources of Rajasthan, now collected, will 
be available to the planners for the all-round development of the State 
on a scicntiHc basis. The papers are printed in full in Part 2 of this 
book. 


The ExinBtrioN 

The Exhibition organized on the occasion of the Symposium on 
Natural Resources of Rajasthan covered the same sections as the 
Symposium, but lasted for seven days more than the Symposium to give 
an opportunity lo the citizens of Jodhpur and the students of the 
Unisrrstty to have a glimpse of the rcsocfrcey and potfaihUiKM of iho 
State. 

Nineteen research institutes and the State as ssell as Central 
Government organizations, corporations and industries have sent their 
exhibits for display. 

List or PARTtciPAyrs ft? the Esntfirrro.v 

1. Central Arid Zone Research Institute, Jodhpur. 
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2. Botanical Survey of India. 

3. Botany Department, University of Jodhpur. 

4. Forest Department, Government of Rajasthan. 

5. Zoological Survey of India. 

6. Zoology Department, University of Jodhpur, 

7. Anti-Locust Station (Government of India), Jodhpur. 

8. Hindustan Zinc Ltd., Udaipur. 

9. Hindustan Salts Ltd. 

10. Atomic Energy, Kota. 

1 1. Geological Survey of India. 

12. Indian Meteorological Department. 

13. Geography Department, University of Jodhpur. 

14. Engineering Faculty, Unis'crsity of Jodhpur. 

15. Geology and Mines Department, Government of Rajasthan. 

16. Fertilizer Corporation of India. 

17. Public Relations Office, Rajasthan Government, Jodhpur. 

18. United States Information Service, New Delhi. 

19. Food and Agricultural Organization of the U.N„ New Delhi. 



RESOLUTIONS 




Rftaluthns PasteJ at the CencluJing Plenary Stasion 

of 

The Sympoiium on yaturai Resources of Rajasthan, 
iltli at Jodhpur on 25-26 October. 1968 


The following resoluiton* were passed unanimously at the ConeJu' 
ding Plenary Session of the Symposium on Natural Resource* of 
Rajasthan held ai the Jodhpur Univenity, Jodhpur, on 2G October, 
1963 at 2 P.M. : 

Keselatlon 1 

Surveys of yatutel Rtstutets 

Rriotveo 

To recommend to the Covemmeni of Rajasthan that there is an 
urgent need for co-ordinated and comprehensive scientific surs-eyi of 
all ilte natural resources of Rajasthan in order to ensure rapid de«Iop- 
mcfit based on science and technology. For this purpore, while co- 
ordination with the Central agencies is of roune desirable, it is highly 
ni^ewary that the State should have its own agencies for the scientific 
survos of the flora, fauna, medicinal plants, grauland and forest 
wealth, geology, minerals, etc., preferably in an integratfd manner. 
The existing State agencies are too few and too ill equipped to has-e 
much impact. 
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Resolution 3 

Acaitmy ef Science and Technology 

Resolved 

To recommend to the Government of Rajasthan that it shonld 
eneourage the establishment of private atientiSc societies by giving 
liberal financial and other grants. 

Further Resolved 

That in the first instance the Slate should initiate and help^ in the 
establishment of an Academy of Science and Technology for Rajasthan, 
covering all scientific subjects and to be run as a private society tvhtch 
would further foster the advancement of science in all aspects, including 
scientific deliberations and the establishment of scientific standards, 
start a scientific journal of high standard and advise the State Govern- 
ment on matters of scientific and technological policy. 

Resolutioa 4 

Fi«ral Composilian of Rajasthan 

^VHEItEAS 

(a) Some handy publications giving account of the important 
resources of the State are essential for plant-based studies and 
programmes; 

(b) The publication of detailed flora of the entire State of 
Rajasthan may take a long time; 

fc) Recent intensive field work in Rajasthan by botanists, agro- 
stalogists, etc., has brought to light numerous ambiguities and difficulties 
in the correct determination of important or common plants of 
Rajasthan; 

(d) The correct identity of these plants is essential for the 
description of plant contmunities, forest types and in the utilization of 
these natural resources; 

(e) There arc large tribal populations in the State and there is 
little information on the plants used by them for food, medicine, etc.; 

If) The folklore, when subjected to scientific scrutiny, analysis 
and experimentation, has in several cases yielded valuable material for 
the exploitation of natural resources; 

(g) The plant resources are being continuously abused for the 
supply of food, fodder, fuel, etc., thereby resulting in the loss of plant 
wealth, of the State; 
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Resols'Ed That 

(1) The ivriting up of a forest flora of Rajasthan be taken up 
by the State Forest Department in collaboration with the Botanical 
Survey of India and other competent agencies. 

(2) The preparation of an illustrated ecological account of the 
grasses of the arid parts of Rajasthan be taken up in collaboration with 
the Central Arid Zone Research Institute, Jodhpur, the Indian Grassland 
and Fodder Research Institute, Jbansi, the Botanical Survey of India, 
Calcutta, and the various universities in the State. 

(3) The programme of writing a detailed flora of Rajasthan be 
taken up by the Jodhpur University. 

(4) Taxonomists and biosystematists doing monographic work 
may give priority to species of economic importance such as grasses, 
genera of importance to forestry and genera of other economic plants 
such as plants yielding fibres, tannins, etc. 

(5) The botany departments of the various Universities in the 
State may make elTorts to study the use of plants for food, fibre, medicine, 
etc. as a subject under economic botany, while the problems related to 
the development of techniques of exploitation of these plant species for 
their raw material may be taken up by research institutes. 

(6) Measures be taken to establish preservation re$cr\*e5 in diffe- 
rent vegetation types with a view to preserve and study the endangered, 
rare and economic plants, both indigenous and exotic, found in the 
State. 

Resolotioa 5 

PlantJ Vseju} 19 Mon 

IVhereas 

(a) The economy of western Rajasthan is primarily dependent 
upon grasslands which are progressively shrinking in area due to the 
‘Grow More Food Campaign’ and are over-exploited; 

(b) Much remains to be done in the determination of production 
potential of the different grasslands under dilTercot methods of manage- 
ment : 

Resolved That 

(I) The State Government be approached for formulating a 
‘Grassland and Grazing Policy’, somesvhat similar to the ‘National 
Forest Policy’, for efTcctivc conservation, improvement and management 
of grassland resources of the State. 
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{2) A more connected and correlated study, on the basis of 
ecosystems, primary and secondar)* productivity and energetics, be 
undertaken on natural ecosystems for the proper evaluation of manage- 
ment practices. 

Resolution 6 

Physiology and Biochemistry of Plants 

Resolved That 

The study of the physiology and biochemistry of plants of economic 
value to Rajasthan be undertaken by the local universities and other 
institutes with special reference to water relation, germination, proteins, 
fats fibres, carbohydrates and alkaloid contents of the crop, fodder and 
medicinal plants. 

Resolution 7 

Animal Resourses of Rajasthan 

Whereas 


.(ti. „ 1“’ of Rajasthan fauna ofpara- 

parasitic helminths (particularly 
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of the groups he y'jiT*l'b^b’'ks, in order ‘he economic importance 
undertaken on parasitic protozoa, earthworms, Tnrbel- 
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laria, parasitic helminths {particularly monogenetic tramatodcs), ticks 
and mites, Myriapoda, Crustacea and insects at the various universities 
and research institutes of the State and the Desert Regional Station of 
the Zoological Survey of India, and wherever facilities for this work 
exist. 

(2) Biology, behaviour, physiology, ecology and social habits 
of Rajasthan termites be undertaken at the various universities of the 
State. 

(3) For controlling the rodents, arrangements be made to hold 
regular training courses, preferably at the Central Arid Zone Research 
Institute, Jodhpur, where facilities for such a training are available. 

(4) Regular cropwisc surveys should be held in a co-ordinated 
manner throughout the State, correlating the incidence of nematodes 
and other pests with climatic conditions, soil types and external symp- 
toms, 

(5) Detailed genetic experiments be undertaken on the low- 
potassium and high-potassium-in-blood types of sheep at the Govern* 
ment farms or at the Central Arid Zone Research Institute, Jodhpur, 
where such work has been initiated to develop a stock of sheep rich for 
its wool quality and another stock rich for its mutton. 

(5) A census of the wildlife fauna of the State be undertaken 
and a sanctury be established, particularly for the Great Indian Bustard 
which is threatened ivith extinction. 

(7) Secondary potentials (both terrestrial and freshwater) of 
Rajasthan need to be studied at the various universities and other research 
institutes of the State with the help of tracer technique, in order to 
understand the energy flow and cycling of materials at various trophic 
levels. 

Resolation 8 

Solar and Wind Energj 

Whereas 

(a) Considering the importance of solar cnergj* and the existing 
need for obtaining information on the subject particularly on the 
following points : 

(i) Working knowledge of earth’s relatiomhip to the sun for 
calculating direct radiations; (u) solar radiation intensity and iu 
measurement; (iii) sky diffusion radiaUon and radiation from the 
surroundings; (iv) solar radiation properties of materials; {%■) thermal 
effccu of solar radiation and know-how to control and utilize it; and 
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(vi) sun path diagrams for the latitudes spanning Rajasthan. 

(b) The development of wnd power, for meeting the future 
power demands of the State, must harness the wind energy economically 
with the help of locally available material and technology. 

Resolved That 

(1) A Solar Laboratory be established in Rajasthan to collect 
and prepare solar diagrams for the region, and where necessary to carry 
out research work on the design and utilixation of solar appliances and 
equipment. 

(2) A Wind Power Research Station be established in Rajasthan, 
if necessary with the help and co*operation of the University Grants 
Commission and the State and Central Governments, to meet the future 
power demands of the State. 

Resolatian 9 


Whereas 


Surface and Ground Water 


Water is one of the greatest limiting factors for the development 
of Rajasthan and for the exploitation of surface and ground water, the 
construction of dams and the provision of low-cost pumps are the 
principal problems : 

Resolved That 


f !i ■ development of water resources should be on the 

loilowing lines : 

W Intenjive hydiological investigations on selected basins be 

eSe',7„r°“‘ •'° yi'M O’' 

ration ° “Plating factors; (ii) systematic ground water explo- 

rather’tb 'aplu'lation be carried out on the basis of basins 

lolal .,,7" T'l '’“""'‘“"“i (i“) the number of metero- 
refoutccs- (ivUl!”?!! proper assessment of water 

tion to mecW “f g'"”"'* »ater bodies be studied in rela- 

for itrieatio^ M the ground water 

(vi) the erm "■''‘table to canal water; 

taking info a '“tP'P‘“tion project should be long-lasting, 

IhSTeforerdfr.'dr'ylir’*' 
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Resolodon 10 

Minerals, including Atomic Minerals 

Whereas 

(a) It has been found that the State is rich in mineral resources 
and there is need of some agency which would process these at low cost 
to encourage their wide*scale discovery and utilization; 

(b) From the Symposium discussions it has emerged that sizeable 
deposits of base metals have been located by the Geological Survey of 
India and other agencies, but there is a serious time-lag and short-fall 
in the exploitation of these deposits and the smelting of ores to metallic 
stage, resulting in avoidable large imports of these commodities involving 
heaiy drain on our foreign exchange; 

(c) Resources of all the necessary rass' material for ceramic 
industf)', except coal, are available in Rajasthan, and most of these 
arc being exported to the ncihbouring States while there is a growng 
demand for various types of ceramic ware in the State. 

(d) The pegmatite-base atomic mineral deposits like beryl, etc., 
are limited in extent and their occurrence is highly erratic, and it has 
been found that the Mineral Concession Rules and their interpretation 
by the State Govemmeot tend to discourage (heir exploration, resulting 
in serious decline of (heir output; 

(e) From the Symposium discussions it has emerged that there is 
need to encourage setting up of industries based on industrial minerals 
like barytes, asbestos, mica, fluorite, etc., of which there arc rich deposits 
in the State; 

(f) The country is importing almost all its requirement of 
potash, and the demand for this mineral is likely to increase rapidly for 
use in fertilizer manufacture, and Rajasthan has a fairly good chance 
of finding out potash deposits in evaporite basins which will require 
many types of techniques, including deep drilling, gamma-ray logging, 
etc., employed by the Oil and Natural Gas Commission and other 
organizations for oil ; 

Resolved That 

(1) A branch of the Ore Dressing Secilon of the National 
Metallurgical Laboratory’ (Council ofScientificand Industrial Research) 
be set up at a suitable location in Rajasthan for carrying out tests on 
bcnficiaiion and upgrading of low-grade ores and industrial minerals, 
the chaiges for which may be fixed at a nominal rate to encourage 
wide-scale discovery and utilization of minerals. 
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(2) The State Government may take urgent steps to expedite 
the mining of the deposits, fixing realistic targets so that the heavy 
drainage on foreign exchange in the import of these commodities is 
gradually reduced and eventually stopped. 

Further Resolved That 


The remaining deposits of zinc in the State be brought on the 
economic production stage soon and for this the import of concentrates 
for the second smelter be undertaken. 

(3) The State Government be urged to take necessary steps and 
give encouragement for setting up the ceramic industry in the public or 
private sector. 

(4) The State Government be urged to liberalize their inter- 
pretation of Mineral Concession Rules for the pegmatite-based atomic 
minerals in view of their deposits being limited in extent and their 
occurrence being highly erratic. 

(5) The State Government be urged to encourage industries 
based on industrial minerals like barytes, asbestos, mica, fluorite, etc., 
and even subsidize them in the initial stages. 


(6) That a Committee on Potash be formed with representatives 
of organizations like the Geological Survey of India, Oil and Natural 
Gas Commission, Fertilizer Corporation of India, Directorate of Mines 
and Geology of Rajasthan, and Department of Atomic Energy Further 
r«olved that the work of this Committee be to coordinate the work and 
draw out overall programmes for potash exploration in the State and in 
the country and follow the programme of exploration and to advise the 
Government on potash exploration. 

(7) A similar Committee be formed for nickel and cobalt also. 


Resolution 11 


Phystograpkj 

Whereas 

Aerial photographs are an essential tool for nuieV . 
surveys of natural resources like the geomorphological so l 
tation surveys : ’ * vege- 

Resolved That 


In the interest of research work and develotun 
photographs of Rajasthan be made available to ^ 

universities. >nstitutcs and 
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PART 2 


Scientific Papers 



SECTION A 


Plant Resources of Rajasthan 


1. Floral composition of Rajasthan 

2. Plants useful to man 

(a) Crops and grasses 

(b) Forest resources 

(c) Plant products 

3. Physiology of plants 

(a) Germination studies 

(b) \S'ater relations 


Chaiman Dr. Mukhtar Singh 
Hecordtr Dr. MJ^. Tewari 



Chairman’s Address 


DEVELOPMENT OF MAJOR PLANT RESOURCES 
IN RAJASTHAN 

Bj 

Mukhtar Singh* 

Direeter, Central Arid Zone Research Institute, Jodhpur 


Plant resources are of undoubted significance in the welfare and 
the economy of the State, as in any part of the world. Food, fodder, 
fuel and fibre arc the four basic needs which plants supply. Plants are 
also important sources of industrial and medicinal products. It is, 
therefore, in the fitness of things that this subject has been assigned an 
important place in this Symposium on Natural Resources. A large 
number of papers has been contributed for the Section. These cover 
the different aspects of the plant resources, viz. (1) fioral composition, 
(2) studies on useful plants, including grasses and forest trees and plant 
products, (3) plant physiological studies with reference to germination, 
plant'water relations and drought resistance, and (4) plant diseases. 
Surprisingly, although crops arc grown on about 40 per cent of the land, 
cropping patterns and crop production have not been directly discussed 
in any of the papers. It would, therefore, be appropriate if I touch on 
this aspect, too, in my address, in addition to the others. 

It must be stated at the outset that plant resources cannot be 
considered in isolation from the en%'ironmental factors. Kind of 
vegetation, its survival, distribution and productivity are all greatly 
influenced by the environmental complex consisting of climate, soil, 
topography, irrigation and socio-economic conditions. Rajasthan 
represents divcnc conditions of environment, some of which arc peculiar 
to this State, as distinct from the other parts of the country. Krishnan 
(1968) has described the climatic pattern in Rajasthan on the basis of 
the s>-stcm of classification of Thomthwaite. Except Mount Abu which 
is humid, and Jhalawar and Banswara districts which arc sub-humid, 
the remaining part of the State falls under the arid and semi-arid zones. 

aJJriti : Director, Potato Roacaich Institute, Slnita 
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DEVELOPMENT OF MAJOR PLANT RESOURCES 
IN RAJASTHAN 

Bj 

Mukhtar Sinch* 

Director, Central Arid J^one Research Institute, Jodhpur 


PJant resources are of undoubted significance in the welfare and 
the economy of the State, as in any part of the world. Food, fodder, 
fuel and fibre are the four basic needs which plants supply. Plants arc 
also important sources of industrial and medicinal products. It is, 
therefore, in the fitness of things that this subject has been assigned an 
important place in this Symposium on Natural Resources, A large 
number of papers has been contributed for the Section. These cover 
the different aspects of the plant resources, viz. (1) fioral composition, 
(2) studies on useful plants, Including grasses and forest trees and plant 
products, (3) plant physiological studies with reference to germination, 
plant-water relations and drought resistance, and (4) plant diseases. 
Surprisingly, although crops arc grown on about 40 per cent of the land, 
cropping patterns and crop production have not been directly discussed 
in any of the papers. It would, therefore, be appropriate if I touch on 
this aspect, too, in my address, in addition to the others. 

It must be stated at the outset that plant resources cannot be 
considered in isolation from the cnvironmcnlal factors. Kind of 
vegetation, its survival, distribution and productivity are all greatly 
influenced by the environmental complex consisting of climate, soil, 
topography, irrigation and socio-economic conditions. Rajasthan 
represents diverse conditions of environment, some of which arc peculiar 
to this State, as distinct from the other parts of the country. Krishnan 
(1968) has described the climatic pattern in Rajasthan on the basis of 
the system of classification of nionitbwaite. Rxeept Mount Abu which 
is humid, and Jhalawar and Banswara districts which arc sub-humid, 
the remaining part of the State falls under the arid and scnii-arid zones. 


tJJrtit X Dirtetor, Tot* to Rrvarrh Itittitote, Sunt» 
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The boundry between arid and semi-arid zones intersects Jalore and Pali 
districts, goes along the boundry of Ajmer and Nagore and then passes 
through Sikar and Jhunjhunu districts. 

Aravallis are the dividing range between the relatively wetter and 
the drier parts. The region to the west of this range represents desertic 
conditions with low rainfall which decreases from about 500 mm at the 
foot of the Aravallis to as low as 100 mm in the Western parts. About 
90 to 95 per cent of the entire rainfall is received in the short period of 
July to September. This cannot be considered as a disadvantage as it 
makes seasonal vegetation possible, but it is the erratic distribution of 
rainfall even within the rainy season which plays havoc, more particularly 
in certain years over greater part of the State. 

A wide range of soils occur in the State. These have been classified 
into 12 groups by Mehta (1968). Roy and Sen (1968) have classified the 
soils into (1) desert soils. (2) sand-dunes, (3) red desertic. (4) old 
alluvium. (5) recent alluvium, (6) sicrozems, (7) red and yellow, 
(8) brown, (9) yellowish-brown, (10) red loam, (11) black. (12) saline soils 
of depressions, and (13) lithosols and rcgosols of the hilly terrain. 

In many parts of the arid zone, sandy texture of the soil and the 
presence of a hard calcium carbonate layer, accentuate the conditions 
of drought. 


Because of high evapo-transpiration, low rainfall, and droughty 
soils, the needs of the State (particularly Western Rajasthan) for 
irrigation are indeed great. The irrigated area is. however, only about 
P" f cultivated area. Ground water in many cases is 
available only at great depths and is. not infrequently, brackish. 

It IS against this background of environmental factors that the 
phB resource, of the Sta.e have be comidered. Such cousideratiou 
should logically begin svilh the land-use pat.em, 

,11,0 of topped area to total land in Rajasthan is lower 

oeeLvd h ’ " “ - -'lively ntore area is 

oecup ed by marginal and s„b.™.rgi..| land. Notwithstanding this, 

knd claim greater proportion of the 

off in the matt''' Tr impression that the State i, better 

ou in the matter of forage resources. 

capacitv of Pressure is high, particularly because the carrying 

parity most of the grassland, is 1 „„. The livestock do utilise the 
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sparse vegetation on culturablc wastelands and other fallow fields, but 
this too is inadequate in amount and poor in quality. Overgrazing and 
absence of soynd practices of grassland management have led to denu- 
dation, and replacement of superior grasses by inferior ones and weeds. 

Conditions within the State arc not uniform. There are large 
regional variations and these most be reckoned with for the develop- 
ment of plant resources on a scientific basis. Regular forests are 
practically non-existent in some regions and very low in others. Large 
areas of uncultivated land arc available in almost all the regions but these 
are hardly developed for planned forage production and utilization. 

The question immediately arises whether there is any scope for 
readjustment among different kinds of land use or they are properly 
balanced. The answer to this question would depend on the 
preparation of balance sheets between the availability and requirements 
in regard to major needs of the human and livestock population, taking 
into consideration the potentialities and limitations of each region. 
This will require a deep and penetrating study. Some observations 
could, however, be made on the basis of general consideration and 
available data. 

Once deficit, the State is now e.xportmg food grains and vegetables 
(Kala, 1964). The surplus is contributed by the production in the areas 
receiving Irrigation and/or higher rarnfall. The use of high-yielding 
and fertilizer-responsive varieties of crops and inputs of complementary 
factors will help in further increases in the crop production in these 
areas. Expansion of irrigation facilities will, in due course, justifiably 
increase the cropped area, particxilarly in the districts receiving low 
rainfall. There is, however no scope or justification for the increase in 
the area under crops in the non-irrigated areas, particularly in the arid 
zone, even though they may be deficit in crop production. The exten- 
sion of area under food grains to marginal and sub-marginal lands 
unsuitable for food producuon merely leads to instability with dire 
consequences for the future (Sen, 1967). In fact the area under grasses, 
in particular, and forests, as far as possible, should increase to meet the 
needs of fodder .and fuel, which are bulky commodities and arc cxpensis-c 
to be transported, in years of drought. More area under grasses will also 
pros-idc the much needed protection against erosion. Of particular 
interest in this regard is the technique of wind strip cropping which has 
been tried at the Central Arid Zone Research Institute, Jodhpur. 
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The total area under forests in the State falls short of the figure 
prescribed in the National Forest Policy of India. In regions where the 
environment is favourable for raising successful plantations of economi- 
cally important fast-growing tree species, the area under forest need to 
be increased. Here a combination of grasses and forest trees would 
appear to be feasible. In the arid region, environment is not hospitable 
or production forestry. Nevertheless, as pointed out by Kaul (1963), 
there is definite need here for protective tree planting, at suitable niches, 
vi^z. afforestation of shifting sand dunes to portcct the habitation, lines 
of communication and fertile agricultural fields; raising sheherbelts or 
^mdbreaks around fields to reduce cvapo-trampir.ntion and on nadls and 
tanks to reduce evaporation losses from free w.ater surface; establishment 

m2 if ■’■“'■"e ■>' '“P '■"‘1 

fLf >!.chcr .-...d nutritious leaf 

W r"”* d-ripg periods of scarcity, 

use =>‘j“>n.ct,t in the major land 

vtithin each kiad of anf :s:irS2urn''°'’'"" 

tltcdilTcrent 

tion and soil tfc rwf, '"'''P'O'd i" terms of rai„rall, irrija- 

" parts or„°2f Rajmfa™ ^In"' 

ttrtgauon water is available for part ofthe af , "-hccc 

»heat) are grown in addition to cotton ll a 

Gram and wheat, and to some r ’ 

important crop, on moi.ture-retemivn'B™',,^”’'^ 

region. Cultivation of maize on unlanH i ■'* =““'h-easlcrn 

opposing water requirements, ettamollRe 

influencing choice of crop in Diuig^ur^ ' '! 'n”'" 'oposraphy in 
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districts. Sesamum is cultivated in some r J ^ ^^^^ratpur 

of varying soil and rainfall. ° ^ under conditions 


Major changes in corppJng arc nossJhi 
example potatoes and sugar beet, and gro a For 

on coarse-textured irrigated soils. claim fair acreage 

scope for improving yields which sire low'o considerable 

introducing improved varieties and tech crops by 

non-irrigated conditions. uology under irrigated and 
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The low yield of bajra in western Rajasthan is because of the 
coarsc-textured soil and drought to which the crop is subject. There 
are attractive possibilities of replacing the existing variety of bajra by a 
suitable dwarf early-maturing variety which can escape the drought. 
There is evidence to show that pulses such as moong, guar and moth 

have lower consumptive use than bajra (Lahiri, 1968). Deeper root 
system of pulse crops is also expected to help them to tide over short 
period of drought. There is urgent need to select early-maturing 
drought-evading or drought reststcnl varieties of crops such as bajra, jowar, 
moong, guar, sesame and castor, grown in arid zone. The Plant Introdu- 
ction unit of the Indian Agricultural Research Institute, New Delhi, is 
working at the Central Arid Zone Research Institute, Jodhpur, to screen 
large collections of the crops of the zone for their suitability for introdu- 
ction in the arid zone. Physiological approaches to adjust the plants to the 
environment may also lead to practical results. The existing knowledge 
on the subject is reviewed by Chinoy (1968). There are two possible 
approaches, viz. (1) seed treatment, and (2} the tise of growth retardants. 
Kathju .tnd Tewari (1963) have reported favourable response to vitamin 
C on water uptake and growth of Ttphtoiia. Although the effect of seed 
treatment on drought resistance has not been found to be consistent 
(Waisel, 1962), the extension of these studies to crop plants of arid zone 
should be rewarding. The possibilities of growth retardants which 
reduce the intcmodal length Is suggested in a paper from Jodhpur 
University on the basis of preliminary studies. Growth retardants may 
prove useful in arid environment, if they retard growth by increasing 
root-shoot ratio without reducing photosynthesis. The possibilities of 
the use of anti-transpirants arc .also svorth investigation. 

As irrigation water is a scarce commodity in Rajasthan, studies on 
efficient use of a unit of water for crop production arc important. Here 
again quick-growing and early varieties such as Russian barley, j'Aariati 
Sonora wheat. Hybrid jowar wouid be a distinct advantage. These 
need to be tried. 

Equally important is the need to recognise the importance of 
crucial or critical periods for irrigation under conditions of limited water 
supply. For the use of brackish irrigation waten and saline and/or 
alkali soils, the choice of salt-tolerant crops and TarieU'es and proper 
irrigation method arc important. There is considerable scope for 
research in this area. 
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It must be emphasized that cultural practices in the desert must be 
such as do not accentuate soil erosion. Leaving the stubbles of bajra at 
a hight of 45 cm. is found to prevent erosion by wind {Misra, 1964). 

Plant protection is particularly important in Rajasthan for 
increasing crop yields and conserving the produce. A survey of crop 
diseases in Rajasthan is presented by Bilgrami and Bhatnagar (1968). 
Preventive and curative measures to combat these and other pests such 
as termites, birds and rats are necessary. Mention may be made here 
of a successful method of controlling desert gerbils through the use 
of one-shot bating with Sodium-monoauoro-acetate (Prakash, 1963). 

Grasses and grasslands occupy a special place in the plant 
resources of economic value in the State. The grass cover here is 

esignatcd as Dichanthium - Ctnchrus ^ Lasiurus (Dabadghao, 1960 ). A 
number of pa^rs contributed for the symposium deal with the subject 
Chafcravarty, 1968; Kaul, 1968; Nanda and 
Staf^ ’ >Joshi. 1968). As mentioned earlier the grasslands in the 
oernir”* ovcr-pazed, denuded and deteriorated; inferior grasses, and 
it is ^ herbaceous weeds predominate. Undoubtedly, 

and nrXldv^ ‘°r for improving the nutrtion 
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r . prof to d TJ "" S.osslands This is became 

elosL Th ° ; '•'E«o>ioo oomes op soon after 

mrtT; grmsZ rh”:: “ 

beneficial effecs „r cltsu” 'V "j ofT-sets .he 

use ofwcedicidcs antt 5 .,ri- • * control measures through the 

.'ore .o cent: Tht 

necessary. The weed control ™-r. flowenng are, therefore, 

by lifht dressings of ferliliaerif*”""' followed 

grassland. In the case of j j ‘“Prove the productivity of the 
to introduce sunerior tr ^ ^assland it may also be necessary 

and Chakravariy ^^Sumes by reseeding (Kaul 

of rooted slips are' preferable for 

necessary to adont rtcR. . ^ “^ablishment. It is not only 

rigb. seqoencr .o achieve .be StdL'niK ' 

I. IS necessarj- .hat the plant specie. ■ ■ a j 

K pccics and varieties are adapted 



Mukhtar Singh : Chairuan’s Address : 33 


to the environment. From an economic stand point it is not the 
adaptability merely for survival but for productivity which is important. 
Under natural conditions the principle of adaptability is examplificd 
in the relative dominance of Lasiurus sindicus in relatively more 
arid environment as compared to Cenchrus cUiaris and C. setigerus. 
Dichanthium annulalum is mainly found in low lying depressions where 
svater tends to accumulate or in high rainfall areas. There is, however, 
considerable scope for further improvement by selecting eco-types 
and varieties. Pandya has referred to the eco-types of Cenchrus ciliaris 
selected by him. It will he interesting to assess them for their response 
to different degrees of moisture stress so that the most suitable ones are 
multiplied and introduced for reseeding. At the Central Arid Zone 
Research Institute, Jodhpur, too, promsing strains of Cenchrus ci/iaris, 
C. setigerus and Panicum cnlidotaie have been selected. 

Forests are also an important plant resource which need 
development and improvement. A detailed account of the forest types, 
major and minor forest produce and measures for improvement is 
presented by Srivastava (1968). Kaul (1968) has dealt with shelter 
belts and sand binders for protection. Forest products have been 
specially indicated in two papers (Rao and Shiva, 1968; Gupta and 
Saxena, 1968). Considerable work has been done at Central Arid Zone 
Research Institute, Jodhpur, on the techniques of raising seedlings, 
establishment of seedlings and selection of quick-growing tree species. 
The Institute has released a few promising tree species viz., Acacia 
tortilis (Kaul, 1963) and Eucalyptus melanophloia. Eucalyptus tersellaris. 
Eucalyptus terminalis and Eucalyptus camaldulensis (Kaul and Nambiar, 
1966a) for tree planting in arid and semi-arid regions of the country. 
Techniques of raising tree plantations have been worked out for 
different land types viz., shifting sand dunes (Bhimaya et al., 1961), 
shallow soils overlying hard calcareous pan and sandy pL-iins (Kaul 
and Ganguli, 1964) and rocky and scmi-rocky sites (Kaul et el., I9C6b). 
Studies on raising of sheltcrbcUs have also been carried out and 102 km 
long shcltcrbelts have been raised at the Central Mechanised Farm, 
Sur-aigarh, (Bhimaya and Chowdhry, 1961). The problems of the 
zone arc, howes-cr, challenging and large scale developmental projects 
based on the techniques evolved ate necessary to make an impact. 

Ap.arl from the three major plant resources sshich have prior 
claim for development, there is a rich variety of flora, ihe potcnlialiiiM 
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of which need to be exploited. Reference may be made to the 
review by Jain {1968) and papers by Kumar and Singh (1968) and 
Maheshwari (1968). 
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STUDIES ON THE ALIEN FLORA OF RAJASTHAN 


J. K. Maiie^hwari 

Floristie Botany Division, Jfational Botanic Gardens, Lucknow-I 


I — Introductios 

Theflora ofRajasihan coropriscsscveral phylogcographical elements 
which are common to the adjoining areas of Punjab, Delhi, North 
Gujarat, Uttar Pradesh, Kutch, Saurashtra and Sind (Maheshwari, 1963). 
In contrast to the high endemic content of species in regions like the 
Himalayas and South India, the Slate is rather poor in this element. 

The present study covers only such species which following their 
immigration or introduction during the historic and modern times have 
become naturalized and may now be considered as the denizens of the 
State. 

II— Factors Influencing Naturalization and Floristio Cosiposition 

The introduction and naturalization of alien plants in the State is 
influenced by three groups of factors: climate, soil, and man and his 
associated agents. Since the post-glacial period through prehistoric and 
historic times, the climax evergreen vegetation over most parts of India 
has suffered greatly from natural causes and biotic interferences, 
resulting in the desiccation or desertiiication of the land. It is believed 
that during the period 5000-4000 B.C. the present desert area of 
Rajasthan was well-wooded and humid. Today, the total area under 
forests in the State is only 11 per cent of the land area. Of this, only 
4 per cent is under original forests and the rest had been denuded. 
While camels, sheep, hare, cattle and periodic locust attacks disturb the 
development of vegetation in the area, no animal has been more 
destructive than the goats which wander to and fro. distributing the 
burred, prickly, hairy or adhesive seeds and fruits of various weeds and 
continually select and eat out the better pasture plants. The obnoxious, 
prickly, foul-smelling and poisonous plants are usually left untouched 
and in this way they arc at a great advantage over palatable plants 
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which arc being continuously grazed down. A regular feature in this 
area is the failure of the monsoon that has made the cattle breeders of 
he north-western sector to lead a nomadic life. It has been estimated 
that nearly 15.000 nomadic families who own about 10 lakh good breed 
0 milch cattle have to migrate their animals to neighbouring areas in 
° water and fodder. These wandering cattle cause immense 
''egetation and facilitate the colonization of plants 
for A.M ° ^ The constant harvesting of vegetation 

and favft" ‘ another important factor depleting the vegetation 

1939; Wh;,”"l9!i0). 

are “‘'‘"•'“‘•“'d plants in a new environment 

factor helDino nnprcdictabic. The most important 

chlte a^d n® M "'■'"''“'‘“d'’" of odventive plants, besidL soil, 
leaving behind dl 'ih”" « diat they arrived in this country 

mammal, and in '„ts ''“"S''' 

As a result such plants lis '’"'"’'“n in original homes. 

».h the indi^gene, T he 1 

and Sudan, , "'”1“''' fP'«»»Pis>/i>,a DC.) in Rajasthan 

India, and the water h" *f’ (Opuntia) in Australia and 

South-East Asia, the Colpn"' "ojsipes (Mart.) Solms) in 

cases (Maheshwari, 19G2) ^ *tnown 

In Rajasthan Desert fli.. .-.w 

or of diffeicnt species is notd’ between plants of the same 

space in the region anH »t, r '*^*'”*'*’*® on account of plenty of vacant 
many case! the 

congenial surroundings and found themselves in very 

The mesquite iPmopisjuli/loranA tl>e native plants. 

entral America is one such i ° regions of Mexico and 

the people dread it, since u ^ become a pest and 

threatening exterminate an'irf'*' f'”"' S™''"'’- f' “ 

Macbr. (syn_ p_ species, namely P. cintrana 

on and barren grounds and ”““™> of its fast growth 

Th'®“’- "'■9">S'“i"Sl>y goats 

a”n ? °V'' ™9'l»l‘on. Thm*”Jl''*H'* "l*' "rought a change in the 
°“‘®“"°fi“'l‘Scnousandadveluvcc?* composed of 

ements and pure associations 



MAHEsmvAsi ; Studies on the Al^n Flora : 37 


of advcntive plants (e.g. Argemone mexieana L.) are seen in tbe flora. 
Among the advcntive species that have gone into the composition of 
various communities and associations may be mentioned Lanlana camara 
var. aculeata Mold., Opuntia iiUenii Haw., Prosopis julifiora DC., P. 
glandulosa Torr., Crjptostegia grandijlora R.Br., Annona squamosa L,, 
Argmone mexieana L., and Eichhornta crassipes (Mart.) Solms. 

Ill — Floral Elements 

It is interesting to note that a large number of floral elements is 
represented in the State. Blatter and Hallberg (1920), besides others, 
recognized three distinct elements in the flora of Rajasthan, namely a 
western, an eastern and a more general element (including Indian 
elementj. A further analysis of the flora reveals that seventeen types of 
floral elements can be distinguished. These may be grouped into five 
main classes as follows (see also Eig, 1931; Mahesbwari, 1960, 1962; 
Bharucha & Meher»Homji, 1965; Meher-Homji, 1965) : 

/. Endemic Element 

Metkania magnifolia Blau. & Hall., Futiearia rajputanae Blatt. & 
Hall,, Convolvulus densifiorus Blatt. & Hall., and Euphorbia Jodhpurensts 
Blatt. & Hall. 


2. Indian Element 

Maerua arenaria (DC.) H.f. & T., Rhus mjsurensis W. & A., Sarco~ 
stemma acidum Voigt, Capparts grandis L.f., .dnogmsus pendula Edgew., 
Tamarix dioica Roxb., Aljsicarpus longifolim \V. & A., Mmosa hamata 
Wind., Rivea hypoerateriformis Choisy, and Ipomoea sindica Stapf. 

3. Eastern Element (Indo-Malayan Element) 

Capparts jf^taria L., Dregea volubilis Bth. e:^ H.f., Leptadaenia reticulata 
IV. & A., Borreria ariicularis Williams (syn. B. hispida Sch.), 

Adhatoda vasiea Necs, Dendrephthoe falcata Etting., and Leucas aspera Link. 

4. Western Element 

I. North African — Indian Desert Element or The Saharo-Sindhian 

Element — Fagonia creliea It., Heliotrapiam rarijlorun Stocks, Lyeium 
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ornament or afTorcstation; many came in accidentally and unnoticed. 
When they arrived at their new home, they were usually further distribu- 
ted by natural means like wind and water, and aids provided by man 
and animals, c.g. deforestation, ovci^razing, faulty methods of culti- 
vation, nomadism, etc. Some of the plants of alien origin are 
mentioned below (sec also Stockdalc, 1940; Purscglove, 1959; Mahe- 
shwari. 1961, 1962). 


I. Exotics, Escapes and M'aifs 

Many exotic species have been introduced in the State in connection 
with the soil conservation and a/Torestatlon of dry and desert areas, e.g. 
Prosopis julifora DC., P. glanduhsa Torr., Acacia farnesiana Willd., A. 
tOTtUis subsp. taddionc Brenan, Patkinsonia aevleata h., Adansonia digitata 
L., Eucalyptus camalduUnsisDthn., AUanthus excelsa Roxb., Agave americana 
L., and A. sisalana Petr. (Badhwar, Dey & Griffith, 1948; Sahni, 1965). 
Some of them have become naturalized and are a great boon to the 
dwellers of the region. Besides, a number of plants originally under 
cultivation in gardens, fields and orchards are found as escapes, e.g. 
Ruellia luberosa L., Thunbergia alata ^o}., J^'ieoliana plumbaginifolia'Viv., 
CoTCkoTus eapsularis L., Dodonaea viscose Jacq., C/deria ternalea L., Ixora 
coccinea L., Tecoma stans H.B. & K., Ipomota hcdirifolia L., and Jatropha 
gossjpifolia L. A good number of them are so thoroughly established 
that they nosv form a part of the flora, e.g. Lantana camera var. aculeate 
Mold, and CryptosUgia grandijlota R.Br. In the vicinity of Mount Abu 
a number of garden plants and cultigens have run wild and occur either 
as denizens or as waifs, e.g. Lantana camara var. aculeata Mold., Solanum 
scafoTtkianum Andr., Oestrum noeturnumL., Tilkonia rotundifolia Blake (syn. 
T. tagetiflora Desf,), Barleria eristata L., Euphorbia geniculata Orteg., 
Ricinus communis L., Sesamum indicum L., Hibiscus syriaeus L., Ruta graoeaUns 
L., Rosa muUiflora Thunb., Jasminum officinale L., Beaumonlia grandiflora 
Wall., Vallaris solanacea Ktze., Salvia eoecinea Jusz., S. leucanlka Csiv., S. 
spUndens Ker-Gawl., GreviUea robusta A, Gunn., Thunbergia grandiflora 
Roxb., Asclepias curassavica L., and Oenothera rosea Sol. 

The mesquitc {Prosopis juliftora DC. complex, P. glandulosa Torr.) 
of the arid regions of Mexico and Central America is a notable example 
among exotic species which have been introduced under the afforestation 
schemes. The earliest records of its cultivation in India date as far 
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back as 1877 when the first consignment of seeds was received from 
Kew, England. The seeds were obtained from the Mohave Desert in 
Western North America and sown at Saharanpur. It was successfully 
grown in Jodhpur as early as 1913 and seeds were supplied by the State 
Forest Department to the adjoining states. The mcsquite is found 
over the greater parts in Rajasthan and adjoining areas. It is a 
multi-purpose plant, and yields forage leaves and sugary pods for the 
cattle. In U.S.A. it is considered as the most valuable leguminous 
tree of the North American forests (Sargent, J892; McMillan, 1967). 
The Jerusalem Thorn {Parkinscni^i ncuUata L.). Indigenous to Tropical 
Ammca a„d S. America ha, long been n.cd in many tropical conn.ric, 
to form tedge, t tva, cnltivatcd in the Phyric Garden at Chcltca 
tn England by Ph.ll.p M.llcr in 1739 and ha. since then quickly spread 
tl rongh many v,„m conmnes. This tree is naturalized in many paru 
of the State and valued for it, hardiness, rapid growth and uscfulncs, 
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seeds to far distant places. It is often found in garden hedges, forest 
clearings, along roadsides and on neglected slopes in the State changing 
tracts of bare land into scrub jungles (Santapau. 1964). The prickly 
pears (Opunlia spp.), a native of Mexico, were introduced into India well 
before 1800 A.D. from Europe with the object of establishing the 
cochineal industry. Since then it had become widespread in certain 
parts of India (Burkill, 1911). In 1829 Col. James Tod mentioned in 
one of his works : "The Castle of Bunai is covered with the cactus or 
prickly pear so abundant on the cast side of Aravalli” (Mehra, 1966). 
The practice of making fences out of prickly pears and the natural 
dispersal of their seeds by birds after they had eaten the fruits, greatly 
contributed to the spread of plants. A long fence of this kind called 
the "Salt Wall" was made over miles of the Rajasthan border to prevent 
smuggling. Among the various species of Opuntia found in India, the 
following have been recorded in the Slate : 0. elatior Mill. (Mount 
Abu), 0. dillenii Haw. (common), and 0. monacantha Haw. (Sangancr 
near Jaipurj Alwar). In recent years, this pest had been controlled by 
the introduction of the moth Caetoblastis cactOTum. The Me.xican poppy 
{Argmone mexicana L.], indigenous to Mexico and other parts of Central 
America, is widespread in the State, chiefly on recently disturbed soilsand 
waste lands. The tvater hyacinth (EicAkomia erasstpes (Mart.) Solms), a 
native of Brazil, was introduced into the Old U’orld about 1829 for its 
decorative flowers. It has been carried all over India and is to be seen 
in the pools and lakes ofBharatpur and Alwar (Sarup, 1961; Vyas, 1967). 
HeliolTOpium ntrassavicum L., a plant of sandy shores and salt marshes has 
been reported inland from Kuchaman (Rajasthan) and Peshawar (N.W. 
Pakistan). The weed is believed to be a native of the Atlantic coast of 
Tropical America and the Caribbean region. It is a fairly recent 
immigration in the State (Burtt, 1965). In August 1964, I collected an 
alien species of Desmodium, D. neo-maxiconum A. Gray growing at Ambaji 
near Abu Road Station in tbe undergrowth of the forest. Tins is the 
first record of the species from Rajasthan. Among other examples of 
recently introduced weeds and t^’cedy plants may be mentioned 
Altemantkera pungeiu H.B. & K., Gompkrena celosioida Mart., CkenopoHum 
ambrosioidts 1-., Emex sphosa Campd., Ecolvulus nummularius 1... Flaveria 
trinervia C. Mohr, Acantkospermum hispidum DC., Carlhamus oxjacantha 
Bieb., Ximenesia encelioides Cav. (syn. Verbesina encelioides B. & H.f.), 
Ageralum kouilOTiianum Mill., Erigeron banartensis L., Ruellia tuherosa L., 
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elements which are common lo the adjoining areas of Punjab, Delhi, 
Gujarat, Uttar Pradesh, Kutch, Saurashtra and Sind. These are grouped 
into live main classes : (1) endemic element, (2) Indian element, (3) 
eastern clement (Indo-Malayan), (4) western element (Saharo-Sindhian, 
Sudano Rajasthanian, Mediterranean - Oricntal-European elements), 
and (5) general clement ( pantropical, pantemperatc, cosmopolitan 
elements). In contrast to the large number of endemics inhabiting the 
Himalayas and South India, the State is rather poor in this element. 
Man and his associated agents, i.e. cultivation, grazing animals and 
nomadic food-gathering have played an active role as intentional or 
accidental carrier of diaspoies. The present study covers such exotic 
species which following their immigration or introduction during the 
historic and modern times have become naturalized and may now 
be considered as the denizens of the State, 

The alien plants that have successfully naturalized in the State 
include useful exotics like Prosopis juHfiora DC., P. glandulosa Torr., 
Parkinsunia aeuUala L., Pitkeeellobium duke Benlh., Annona squamosa L., 
J{icandra phjsaloides Gaerto., Ipomota Jistulosa Mart, ex Choisy, and 
noxious weeds, pests and neophytes, e.g. AlUtnanthtsa pungens H.B. & K., 
Gomphrena celasieides Mart., Croton honpland'tanum Balll., Argmont mexieana 
L., Martjffiia annua L., Atanlhospermam hispidum DC., Cofthamus ex^aeanthu 
Bicb., Opuntia dillenii Haw., and Ekhhornia crassipes (Mart.) Solms. The 
mesquite {Prosopis julijlora DC. complex) of the arid regions of Mexico 
and Central America has quickly spread on arid barren grounds chang- 
ing the landscape. It is also threatening to exterminate an indigenous 
species P. cinfforifl (L.) Macbr. (syn. P. j^icigrra L.) on account of its 
quick-growing habit, hardiness and sursHval under vicious grazing by 
goats. A number of exotic weeds hailing from Tropical America have 
become an integral part of the flora, e.g. Lantana camara var. acuUata 
Mold. Dtsmodium neo-mexicanum A. Gray, a native of Tropical America, 
is reported for the first time from Rajasthan. The most important 
factor helping such adventive plants, besides soil and climate, is that 
they arrived in this country leaving behind all the parasites and natural 
enemies that had kept them under control in original homes. In 
conclusion, adequate means should be adopted to save the flora frbm 
further devastation. An intensified botanical exploration of the Slate 
is likely to add more genera and species representing the various 
elements in the flora, as is demonstrated by recent reports of Dipierygium 
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ghucnm Decne., DcctjliandrawtlivitseAii H.f., Heliotropium curassavicum L.. 
and authors record of Dezm,£um neo-mexicanum A. Gray. Nature 
reserves, safe from cattle, nomads and depredators, should be established 
j study the biocoenoses, phytocoenoses, gene reservoirs 

and aliens found in the State. 
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Discnssion 

S.C. Pandeya: You have shown only one specie* of Argemane, viz.maxieana. Dr. Mallick 
of Udaipur reports 2 or S specie*. Could you give some iBlormtison ? 

J.K. Maheshwari ! Lately, a second specie* of Argemant, vi*. A. athraUuta, indlEenoui 
to Tropical America, has been reported from India. This specie* is spreading on recently 
disturlMd soils and watte lands, particularly ia the neighbourhood of Lucltnow, Delhi, 
Ranchi and some parts of Punjab plains. 

S C. Pandeya : Is Annana tquamasa exotic to this State i 

J K, hlaheshwari : Yes, A. tfteamasa is a native of South America and the IV'est Indies. 
It is now widely naturalised in many parts of India. The specie* is common in the State, 
especially In the neighbourhood of old forts and on hill slopes and appear* to be somewhat 
indigenous. 

S.K. Jain : The chance of Annona sjuamasa being exotic is remote. It* abundance, 
local names, engraving, etc , on old arcbaeological objects support its very old occurrence 

J.K. Mahesbwari : The genus Annana consists of more than 50 species, of which many 
are indigenous to America. A few species arc believed to be native of Africa, The 
paintings and carving referring to this plant are not properly idenlifled and may prove to 
represent the Jack fruit tree or the sacred Kadamba. Further there are authentic records 
which show that it was introduced. 

P.C. Nanda : Ecological amplitude of Prasapis riMrorts in Indian arid zone is much 
wider than P It is not uQderstoodhowi*.J«fiyZ»F* is competing with P. eineraria 

particularly when it is not frost hardy. 

J.K. Maheshwari : P. jaiyfara on account of its fast growth and survival under 
vicious grazing is able to compere on arid 'barren grounds w'hieh, odierwise it could have 
been inhibited by various indigenous specin including P. cineraria. 

A.N. Lahiri : Do you have any data to support your statement that Prasapis 
cisrrario is being exterminated ty P.JafiJ&ro 

J K. Maheshvirari : I have often noted in the field that P. as compared to 

P. eineraria is faster ia growth, especially in Aesenu-arid tracts and is also able tosurvive 
under heavy grazing and lopping. Further.it often grows to the exclusion of other species, 
as if it is inhibiting plant growth. 

KLN. Tiwari : I think Aeaeia tartHis, &ra(yp(as eamaldulensu could also be included in 
other flora of Rajasthan. 
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J-K. Miheshviari :Ytj, these species have been successfully introduced in ibe State 
the afforestation scheme,. I have included them amongst the list of successful exotic 
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I — ISTRODfCTIOX 

RajasUian has atlracicd ihc attention of our whole nation, and 
also of the UNESCO, because some parts of the state arc arid, and 
descrlic conditions there have caused some alarm. The aridity and 
other factors influencing the %tgetation of the region were discussed 
in the symposium organised by National Institute of Sciences at Delhi 
in 1952. The problem of aridity was acain discussed in a symposium 
at Jodhpur in 1964. Some of the important papers presented in these 
symposia have been included in the bibliography appended with this 
review. The climates and soils of dry zones, and their influence on 
the vegetation have been dealt by Waheedkhan (1939), Raheja (1965). 
Bharucha (1960). Yadav (I960) and Mondol (1967). The works of 
White (I960) and Christian (1959) review the prospects of fighting 
aridity and emphasise that with increasing knowledge of science, we 
can hope to sec the deserts blooming. 

Ilistetj cf JJoIeiiral ExploTetiot 

It is a happy coincidence that 196S is the centennary year of the 
fint recorded plant collections in Rajasthan, which were done by no 
less a botanic.al ‘giant’ than Sir George King. King’s collections 
were made under curious circumstances (Burkill, I965i. Abe'ut 
1866. King was posted as a mcrlical doctor at Calcutta, but he did not 
keep good health. It was felt that the humid climate of C-ilcusta did not 
suit him. and he was posted at drier placta such as .\gra. Mathura. 
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and fresh materials are becoming available, some of these have been 
resolved. The nomenclature adopted in this flora was then fairly 
uptodate, as compared with earlier works on the region. Plant names, 
however, keep changing, and some names employed in that work which 
was prepared about 10 years ago, have changed. Bhandari (1964, 1967) 
is doing a good job in notifying such name changes as pertain to the 
plants of Rajasthan. 

As regards Mt. Abu, after Macadam’s work nothing was written 
till 1940, whenSutaria (1941) and McCann (1942, 1943) wTote short 
accounts of vegetation. From 1954 to-date several papers have been 
published on floristics of this hill by RaLzada (1954), Cbavan & Sabais 
(1960), Kanodia & Deshpande (1961), Jain (1962), Ahluwalia (1965), 
Kanodia & Rolla (1965), Jain (1967), and Gupta &. Saiena (1968). 

As regards Rorhtics of eastern parts ol Rajasthan, one serious 
bibliographic anamoly has caught iny attention. Most of the workers 
do not mention Dutbic’s Flora of Upper Gangctic Plains (1903-22) in 
their bibliographies. Dufhie’s svorfc covered major part of southeast and 
east Rajasthan; none of the workers seem to have kept this jurisdiction of 
Duthie’s work in mind while reporting new records from Udaipur, Kota, 
etc. hfany of these so-called new reports are mentioned by Duthie as 
common or very common ‘in the region of the Flora’. I have dealt with 
this point only to emphasise that workers on the flora of eastern Rajasthan 
should consider Duthie’s work as a flora already existing for the region- 
Thc same applies to the work on grasses by Raizada, Bharadwaja 5: 
Jain (1957, 1964, 1956); this also covers eastern Rajasthan. 

After Dulhie's Flora nothing svas smtten for eastern Rajasthan 
for about 30 years. Since 1950, a large number of papers has been 
written on this region and on ^Vravallis. The full list of these papers 
will be found in the bibliography, I can refer here only to the work 
of Mulay & Ratnam (1950), Baksht (1954), Nair & ^’athawat (1956). 
Joshi (1957, 1958), Sharma (1958). Nair (1961), Nair et al. (1959. 19GI). 
Jain & Kotsval (1960), Vyas (1963, 1964, 1965). Raizada & Sharma 
(1962), Gupta (1965), and Vyas &. Ramdeo (1965). 

II— Floral Oomposttiqv 

For assessing the present floral composition of Rajasthan. I have 
tried to bring together all the as-aflable informatio.’j. taliag the Slate 
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of Rajasthan as a whole. The total Angiosperm flora of Rajasthan 
comprises about 1280 species, belonging to about 600 genera and 110 
families. For various reasons, these figures can not be made absolutely 
orrect. Some names published in lists may be based on svTong 
identifications, also opinions differ on some names and status of tasa. 
t as been mentioned elsewhere that some authors do not clearly 
in^cate whether the plants included by them are found wild, or in 
tnauon or as escapes. Later authors are obliged to use their own 
discretion, which may not ahvays be correct. Also, I do 
nrni ™ k possibility of some publication having escaped my 

and'u '!l ^ res reasonably correct 


the further analysis of these taxa, namely 

I have kept Papnionsccac, 
fatniliM an. ,T * separate families; the limits of other 

Plantarum. adopted by Bcntham and Hooter in Genera 


^fontcotjhJaiu. of fmUiet, genera and speciei in Duotjileiloni i 


species, are ; wilics in the flora, according to the number 

!• Poaceae 180 spp rj^ 

2- ^'‘P**>°oaceac^l36 son ^{40 , ^ Euphorbiaceac 44 spp. {14gci 

■ ?”"'»>!■•= 86 ,pp if, ^blv«ea,40,pp.{ll gen.) 
f Cyp^'aeeae 63 ,pp, «■ Labia, ae 35 ,pp. (13 gea.) 

'an,ha„„,5,p^ .) Convolvulaceae 35 spp. (11 gel 

following m f ^ ®'=^ophulariaceae33spp.(19ger 

i- 8en deot'? ^ 

L PaSr; 1® .’pp.) f 22 g=n. (46 spp.) 

P "“"«42Ee„.„3^; ’ ^«Ph«Iar.aceael9gen.(33spf 

i'V-l 0. Asclepiadaceae 16 gen. (20 spp 
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7. Euphorbiaceae 14 gen. (44 spp.) 9. Labiatae 13 gen. (35 spp.) 

8. Cucurbitaceae 14 gen. (24 spp.) 10. Rubiaceae 13 gen. (19 spp.) 

If the Leguminosae is taken as one family, it comprises 51 genera 
and 177 species. Even then Poaccac remains at top in both the lists; 
and the 1st and 2nd places are retained by Leguminosae and Compositae. 
Cyperaceac has a high (4th) place to the first list, but none in the 
second, because the genus Cjpenis alone contributes about half the 
number of species of the family; the family has 1 1 genera. 

The following are some of the large genera in the flora ; Cjpmis 
(30 spp.}, IndigoJtTC (20 spp.), Euphorbia (18 spp.), Eragrostis (15 spp.), 
Cre/a/aria (15 spp.}, Greteja (14 spp.), /pamora (14 spp.), (Tofsia (13 spp.), 
Tephroiia (12 spp.}, Al^ucarpus, Heltotiopitm, Acacia (ail 11 species). 

Poaceae, which is the largest family of the region, has only one 
large genus; large number of smaller genera is responsible for giving it 
a high place in the list. Four out of the above genera belong to 
Papilionaceae. 

Ill— GE.vERAt Vegetation ani> Ecoloov 

l\’e can not visualise the flora of a region by merely knowing 
what families, genera and species occur there; it is necessary to know 
what plants form the dominant vegetation cover, in trees, shrubs and 
ground flora. Also, the dominant species in difTercnl habitat conditions 
must be known. This brings us to the study of phytosociology or 
synecology or, in a broad sense, the vegetation types. Vegetation tj-pcs 
of Rajasthan have been described by Champion (1936), Mathur (I960), 
Puri and Jain (1961), J-iin (1963). Champion and Sclh (1961), and 
Mathur and Verma (1964). Ecological accounts of Rajasthan as a 
whole or smaller regions have been published by Bharucha (1951), 
Sarup (1952), Agharkar (1952). Biswas (1952). Puri (1952), Joshi (1956, 
1958), Satyanarayan (19C3), Vyas and Ramdeo (1964), Sharma (1962, 
1965), Sen (1966), and Verma (1967). 

I would have liked to mate a special mention of the bisiory and 
progress of work on grasses and grasslands (a subject of my particular 
interest), as also of certain other special groups like aejuatic vegetation, 
sand-dune vegetation, etc. Limitation of space forbids roe from doing it. 

I have, howc\-cr, included all such references in the bibliography- Also, 
evidently, I have covered only the higher plants. Not that the stud} of 
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other groups of plants is less important; my personal limitations alone are 
responsible for this partiality. The work of Gupta (1962) on the genus 
Marnlta is known far outside the boundaries of our country. The ferns 
of Mt. Abu have been studied by Bir (1961) and the Hepatic flora by 
Bapna (1958). 


IV Phytoceographic Considerations 
Bhytogcographically, the western and northwestern Rajasthan has 
almost a distinct unit in Indian vegetation. 
"Sion os -Indian Deserta’. Hooker (1907) 
Chatlerj, (1935) called il as ihc 'Indus Plain’. The flora has 
Africa regions of Pakistan and even of Arabia and 

wesicru^'llf-''^'’'^ Rajasltan is dissimilar from 

Kin? Thefln^ brought out as early as 1878 by 

Jain(19671 has^^h ^ P“"i^“*3r phytogeographic significance, 

fo Ih lo th »» maeting ground 

alcmenlsorflorain India Mt. 
and the southernm ”^ 1 - ""nin plants of peninsular region, 

plan,, l™'< for certain Himalayan or north Indian 


V— Endemism 

30 years ago. endemism was by Chatterji (1939) 

far as we know even toT zone of poor endemism, and, as 

riiiok, there are two "" ‘■'Sir ondemism. I 

i.e the crdY"“°“ Firstly, the area is not 

occur widely i„ . “"ronmeut and soil are such as 

*be region. Mr- AL,‘‘tok,°ed",? “ 

crritory. due to its altitiicrf d i_ from the surrounding 

the flora is still incomnIi»t'i some endemic taxa. Secondly, 

mfact. be studied at two V ^o<Iemism in Rajasthan could, 

alone, and plants occurrinv^i* endemic to Rajasthan State 

'''orfc haj published Jzsthan endemic to the country, 

axa described by Blatter a m Rajasthan alone. Some 

‘ IcCann (1926-35) not and by Blatter and 

reported from elsewhere, and 
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can be considered to be endemic. The same applies to the various 
taxa described recently from Rajasthan. As regards the second aspect, 
out of 134 dicot genera listed by Chatterji (1939) as endemic to India, 
only six, namely Ougdnta, Butea, Caesalia, Glossocardia, Petalidium, and 
ffaplanthus are reported to occur in Rajasthan. 

VI — Econouic Aspects 

It is often impossible to draw a line between floral composition, 
forest wealth or medicinal resources; I have, therefore, included some 
more important papers on these subjects in the bibliography. I would 
recall here that it was in 1869 and 1870 that King wote two papers 
on famine foods of Rajasthan. I have come across in literature one 
still earlier reference 'Some account of the general medical topography 
of Ajmer’ published in 1843 by Irvine but I have not been able to 
have a look at this work, 

VII— •Prospects of Future Flowstic Studies 

There is practically no region in Rajasthan which we could call 
‘virgin’ in true sense, yet some publications are very sketchy and such 
areas could be called as unexplored. Although certain places like 
Jodhpur, Pilani, Abu and Alwar, have been fairly well explored, 
we can not label them as fully explored, until detailed floras for 
these arc published. The three categories on the basis of explorations 
and publications arc as follows : 

(i) Fairlj explored : Sirohi (including Mt. Abu), Jodhpur, Jhunjhunu, 
(Pilani) and Alwar. 

(it) Under-explored: Udaipur, Sikar, Churu, Ajmer, Jaipur, Barmcr, 
Jaisalmcr. 

fiii ) Unexplored : The remaining areas. 

A stage has eextainiy been reached now, when, firstly, a check-list 
for Rajasthan should be published; and secondly, monographic work 
should be taken up on genera and smaller families. The Check-list, 
which should include important synonymy and cross references, will 
help in two waj-s. It shall enable workers to filter their suspected 
new records from Rajastlian, and it will bring about consistency in 
nomenclature in future publications. Monographic studies will enable 
intensive work on fewer taxa. and will result Jn resolving many 
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nomenclatuial riddles and in discovery of new lass, 
ors o flonstic accounts deal with hundreds of taxa, and they 

be wn V ^ critical. Small problems of this nature could 

be worked out for M.Sc. or Ph.D. theses. 

research finri* something about publication of 

Kind’s work '^otJcrstandable if copies of Macadam’s work or 

centurv A tL ^ circulation of publications of late 20th 

ColleJ'maaa, University jonrnals (or even 

"re that theirT " “ke special 

Sra.ifyln;to“reThT.Tn"““,'"t“"”"^ 

papers has oreatl ■ '“P y"rs or so the quality of doristic 

■«rWni sod'T"'''- do 111 by ahvay, 

clearly indicatine IfT '*!" P'"*''"' ayionyms in their lists, and by 

are can hope that Rala '“‘^rested in flora of Rajasthan, 

. 'h' first State in India to say 

VIII— Summary 

matter of concern to tb^* *° certain parts of Raj'asthan have become 
Slock is periodically taken oA^h ® 

I960 there has beera “ of the region. Since 

Riijastlian. The progress nft^ Pi'blications on botany of 

.The Gera of ' «plora.ion has been reviewed. 

species beloning to 600 pend., ' ” “O"' known, comprises about 1280 

- ^ The ten largest families 

Sr/T -breath Jes, £.phc,- 

'»8cst genera are : CjpJ, ■'rrr’P*"'",;.™,, The ten 

, Cassia, •'^"jrasli., Cnl.lari., 

Monocots i, ; . “ “”<* dl,„c„pas. The ratio of Dicots 

, ""■'rence has bee^nad ’ ^ “”■* -P«i" 3:1. 

p °° '>'P« Wd econontic i'’pect’'°,??®"P'‘>-- “fi'-irm, ecology, 

I as of r„t„„ ““ “prinu of ,he flora. 

;C' “ R-jarthan are discussed. 

"»« »r Raja.tharsh™MT“"°’ '“ched tha, a eheck-li.t 
prepared. Also, monographic 



S.K. Jain : Floral Composition of Rajasthan : 55 


work on some genera and small ramilies should be undertaken. It is 
hoped that in about 10 years time, Rajasthan can become floristically 
the best studied State in India. 

A bibliography of about 275 references, with full titles of papers 
and books, is appended. Certain important bibliographic and review 
works on taxonomy and nomenclature have been suggested as valuable 
aids in the study of flora. 
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STUDIES ON THE ALGAE OF CERTAIN HABITATS 
ENDEMIC TO RAJASTHAN 


Bj 

H.D. Kumar* and H.N- Sinoh* 
Department of Botany, Vnitersitj of Udaipur, Udaipur 
(Wittk 4 Tcxt-figum) 


I — Introduction 

/Rajasthan, with an area of 34,2272 sq.km., is situated in the 
norlkwcstcrn part of India between 23®3’N and 30°12’N latitude and 
69®30’E and TS^IVO’E longitude, and has a topography dominated by 
the Aravalli mountain system which runs across the State from north- 
east to southwest for nearly 692 km. The 50 cm rainfall line divides 
the State into two distinct climatic regions, the dry and the humid. 
The dry area, northwest of the AravalHs, Includes both arid and semi- 
arid conditions and is characterized by vast stretches of desert with long 
periods of severe drought accompanied by low night- and high day- 
temperature, low relative humidity, low annual rainfall (well below 
50 cm), high wind velocity and sparse xeric vegetations, and the area 
southeast of AravalHs remains humid with 50 cm or more annual rain- 
fall and has in general more fertile sot! and consequently a better 
developed vegetation.! 

Virtually no work has been done on the ecology of algae of 
Rajasthan and on the role these algae play in the economy of natural 
ecosystems. Singh (1955) described the plankton of Sambhar salt lake 
and of Nakki lake at Mt. Abu with no mention of the chemical nature 
of these aquatic habitats and their limnology. Vyas and Kumar 
(1968), after making intensive study of the succession of the phytoplank- 
ton of Indrasagar tank situated near Eklingji, obscr\cd excellent 
correlation between algal population pulse and fluctuation in physico- 
chemical character of the tank. This paper describes the work done 
on the algal ecology of certain habitats endemic to Rajasthan, i.e. 
desert, mine wastes, salt lakes, fresh-water lakes, and sewage, and 

aJJrisi : DrparuDent of Bouny, BAasr^t Itisdu UtuTcnity, %'trsckii. 
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belonging almost exclusively to the Cyanophyta, have been collected 
from these areas though the endoHthic algae have not been studied. 

The micaceous rocks found in different areas in Rajasthan support 
good growths of Scytonema, ocellatum, Stigonema spp., Fischerella 
moniliformis, Hefalosiphon corifervaceous, H.inlricalas,SchizolhTix mascarenica, 
Porphyrosiphon notarisit, Aphanothtca palliJa, Pi'ostoc commune, and species 
of Chroococcus and Gloeotheee. Such algae are at their best during the 
months of July, August and September immediately after the rains. 
According to Singh (1961) the rocks of Mt. Abu, which consist of 
gianite, quartz, biotite and felspar with hornblende, support a distinc- 
tive flora of hlue-^green algae including such species as Tolypothrix 
byssoidea, T,saxicola, Scytonerna juttanum and Calolhrix parietina. 

Biological and cultural studies on the algae of Rajasthan rocks 
have not yet been carried out. Nevertheless it would not be illogical 
to suppose that at least some of them, c.g., species of Tolypothrix, 
Scytonema, CalolArix, F'osloe, Fischerella and Hapalosiphon, may contribute 
significantly to the nitrogen status of their respective habitats by fixing 
atmospheric nitrogen. Furthermore, such algae not only enrich the 
organic content of the rock making it suitable for subsequent coloniza- 
tion by higher plants, but also exert a corrosive action that is responsible 
for the weathering of the rock; the weathered material is then deposited 
in the surrounding localities and contributes to their fertility. 

The second important type of algal habitat is afforded by certain 
diaphanous substrata, such as quartz or other minerals, which are 
partially embedded in the surface of desert soil. The chief character- 
istic of diaphanous substrata is their translucency and this permits the 
existence on their lower side of relatively mesophllic algal species that 
do not normally occur as components of xcric soil populations. In the 
Rajasthan desert some commonly occurring translucent materials in 
association with algae are gypsum, quartz, bones and teeth of dead 
cattle, and shells of various molluscs. The Central Aravalli area of 
Rajasthanis an important producer of mica, felspar, quartz, beryllium 
and other ores, and it has been observed that algae can be found under 
the layers of mica or felspar. The diaphanous minerals tend to create 
a miniature green-house environment below their embedded surface and 
ecological factors such as light intensity and quality, organic matter- 
biotic relationships and associations, temperature, and moisture content 
are altered in such a way as to enable the existence of various soil algae 
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attempts to assess the importance of algae in natural resources of 
Rajasthan. 


11— Algae of the Rajasthan Desert 

The desert areas of Rajasthan constitute an environment that is 
too harsh to permit growth of any macrovegetation. But at isolated 
spots within the desert certain favourable ecological niches or micro- 
environments are found that support meagre growths of terrestrial 
microalgae, bacteria and lichens. Such plant communities as exist in 
the prevailing desert environment usually include xcric ecotypes that 
have become adapted to survive in rigorous arid environments. 

The salient features of the arid environment include a deficiency 

or lack of moisture, intense sunlight that is relatively richer in infra-red 
and ultraviolet rays, too high or too low temperatures, and a general 
paucity of food supply, soil nutrients and organic matter. Of all these 
factors, water is perhaps the most critical and other harsh factors such 
as intense sunlight, high winds, high day-time temperatures and the 
presence of salts in the soil mostly exert their effects by further 
accentuating the already unfavourable moisture conditions. 

Tv 1-1 Rj'jasthan desert are of two main types; 

ype ’"'ludes arid and semiarid soils, sandy soils, bare rocks and rock 
v ^ Includes various kinds of diaphanous or translucent 
f, , , * partially embedded in desert soils and provide 

e uucroenviromnents on their under side for algal growth. 

ni— S oil Algae and Rock Aloae 
occur ’’’I'"’ “‘'’’'"'-BTOO" algM ood green algae are known 10 

of the wn M "'“"y 

Althoueh n ^'"eron and Blank, 19G6; Friedmnan et al., 1967). 
Raiasthan A epedaphic or endedaphic algae from the 

esert seem to have been carried out, their occurrence in such 
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assumed. ‘^“ring the rainy 


1 , may safely be 


nary and d i Kumar (unpublished) have carried out prclinu- 

flora of Rajasthan rocks. 

and Udaipl Ajmer, Jodhpur, Mt. Abu, 

• s environs. Both lithophytic and chasmolithic alga£> 
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belonging almost exclusively to the Cyanophyta, have been collected 
from these areas though the endolithic algae have not been studied. 

The micaceous rocks found in different areas in Rajasthan support 
good growths of Sejildnma, oullatum, Stigonema spp., Fischerella 
monilijormis, Hepalosiphon conjervaceous, H. inlricatus, Schizolhrix mascarenica, 
PorphyTOsiphon notarisit, Aphanuthua pallida, d^osioc commune, and species 
of Chroococcus and Glotothtce. Such algae are at their best during the 
months of July, August and September immediately after the rains. 
According to Singh (1961) the rocks of Mt. Abu, which consist of 
gi unite, quartz, biotite and felspar with hornblende, support a distinc- 
tive flora of hlue*.grecn algae including such species as Tolypothrix 
byssoidea, T.saxicala, Scylonma juHanum and Calothrix paridina. 

Biological and cultural studies on the algae of Rajasthan rocks 
have not yet been carried out. Nevertheless it would not be illogical 
to suppose that at least some of them, e.g., species of Tolypothrix, 
Seytonma, Calothrix, PfoUoc, Fischerella and Hepalosiphon, may contribute 
significantly to the nitrogen status of their respective habitats by filing 
atmospheric nitrogen. Furthermore, such algae not only enrich the 
organic content of the rock making it suitable for subsequent coloniza- 
tion fay higher plants, but also exert a corrosive action that is responsible 
for the weathering of the rock; the weathered material is then deposited 
in the surrounding localities and contributes to their fertility. 

The second important type of algal habitat is afforded by certain 
diaphanous substrata, such as quartz or other minerals, which are 
partially embedded in the surface of desert soil. The chief character- 
istic of diaphanous substrata is their transiuccncy and this permits the 
existence on their lower side of relatively mesophilic algal species that 
do not normally occur as components of xcric soil populations. In the 
Rajasthan desert some commonly occurring translucent materials in 
association with algae are gypsum, quartz, bones and teeth of dead 
cattle, and shells of various molluscs. The Central Aravalli area of 
Rajasthanis an important producer of mica, felspar, quartz, beryllium 
and other ores, and it has been observed that algae can be found under 
the layers of mica or felspar. The diaphanous minerals tend to create 
a miniature green-house environment below their embedded surface and 
ecological factors such as light intensity and quality, organic matter- 
biotic relationships and associations, temperature, and moisture content 
are altered in such a way as to enable the existence of various soil algae 
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attempts to assess the importance of algae in natural resources of 
Rajasthan. 


II— Algae or the Rajasthan Desert 

The desert areas of Rajasthan constitute an environment that is 
too harsh to permit growth of any macrovegetation. But at isolated 
spots within the desert certain favourable ecological niches or micro- 
environments are found that support meagre growths of terrestrial 
microalgae, bacteria and lichens. Such plant communities as exist in 
the prevailing desert environment usually include xeric ecotypes that 
have become adapted to survive in rigorous arid environments. 

The salient features of the arid environment include a deficiency 
or lack of moisture, intense sunlight that is relatively richer in infra-red 
and ultraviolet rays, too high or too low temperatures, and a general 
paucity of food supply, soil nutrients and organic matter. Of all these 
factors, water is perhaps the most critical and other harsh factors such 
as intense sunlight, high winds, high day-time temperatures and lb« 
presence of salts in the soil mostly exert their effects by further 
accentuating the already unfavourable moisture conditions. 

gal habitats in the Rajasthan desert are of two main types* 
iype 1 includes arid and semiarid soils, sandy soils, bare rocks and rock 
^ includes various kinds of diaphanous or translucent 
UDstrata that arc partially embedded in desert soils and provide 
oura e microenvironments on their under side for algal growth. 


Ill Soil Algae and Rock Algae 

green algae arc known to 

of the w * * surface of and within the soil in many desert regions 
Altrou.h 1966; Friedmnan et cl.. 1967). 

Raiasthan T epedaphic or cndcdaphic algae from the 

endemic hatiT” carried out, their occurrence in sue 
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2-3 cm thickness. The lake is very rich in sodium chloride and sodium 
sulphate with the year-round percentage variation of 60-96%. This 
variation results mainly from lowering down of water level in the lake 
due to solar evaporation. 

The chemical analysis of the lake mud and brine water for 
quantitative estimation of nitrogen, sulphur and phosphorus revealed 
that the black mud contains 0.792 per cent nitrogen, 0.32 per cent sulphur 
and 0.15 percent phosphorus and the brine tvater shows nitrogen 28 
mg/J, sulphur 12 mg/l and phosphorus 4 mg/l. The pH of the black mud 
was 8.5 and that of brine water 9.0. Similarly alkalinity determination 
gave a result of 210 mg/l for black mud and of 415 mg/l for brine water. 
These data indicate the nutritionally-rich nature of the lake but its 
unusually high concentration of brine makes the lake a very specialized 
habitat unsuitable for algal species growing in normal habitats. The 
constant failure of our repeated attempts at growing any of the Sambhar 
salt lake algae in all the conventional culture media tried indicates some 
unique physiological characteristics which make these algae thrive and 
multiply in unusually high concentrations of brine. 

The period September to December is very suitable for the growth 
of Sambhar lake algae and during this period cartloads of dark blue- 
green algal mats, locally known as “neel” and consisting of circuleiTis 
and S. planteruis, are produced on the water surface and along the sides 
of the lake. The algal growth is so profuse and proliBc that labourers 
have to be hired to remove the algal mats from lake since they create 
great trouble during salt manufacture. The Assistant Chemist of 
Sambhar Salt Lake Department informed us that the "nccl” is employed 
on a large scale as green manure by local farmers. 

The question arises as to what is the source of nitrogen in the lake 
water or lake black mud. Though A. eiradarh could not be cultured 
yet, the suggestion (Singh, 1961) that this alga could be a vigorous 
nitrogen fixer enriching the lake with fixed nitrogen should be 
considered favourably till some evidence contrary to this suggestion is 
brought forth. However, the growth in bulk of algae in Sambhar lake 
creates problems in salt manufacture by imparting colour to brine and 
this makes it essential to check the algal growth. In this respect it is 
rather unfortunate not to find any reference to the algal flora of 
Didwana and Pachpadra salt lakes and if these lakes have not yet been 
studied, it is high time that their biological productivity was investigated. 
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on their undcr-surface. Algae which have been found to be commonly 
associated ssith diaphanous substrata include species of Chroococcales 
(Cyanophyta) and Chlorococcalcs (Chlorophyta). The main adaptive 
feature of such coccoid algae appears to be their capacity to perennate 
as such. 


As is well-known, quartz, unlike ordinary glass, can transmit 
uItra\io!et light which is harmful and mutagenic to living organisms 
including algae. In tropical deserts, exposed to intense sunlight, the 
ra lation that strikes a quartz stone is likely to contain a significant 
proporation ordelclcrious ultraviolet rays and these may be expected to 
produce adverse effects on algae growing on the under-surface of the 
ans ucent substratum. Howc\'cr, experiments carried out in the 
^ '^“’cellular blue-green alga Anaejstis nidulans (Kutnar, 
taW) have demonstrated that these forms can successfully be trained to 
withstand the deleterious and inhibitory effects of repeated doses of 
oc/lr 7*. Soch !.udi« point to tbo 

attoT^ T"'* '» fllraviolot in algao 

biological advanugc,’""” “daptation that ii of obvioul 
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Anahacnopsis circulau,, and blue-green-aigae, 

supplied by the Sambhar Laic S ^ fragmentary information 

use of lake black mud as a «. j ** ®P®rtmcnt suggested the j'ustified 
In our iuvc.tiga.r„„ „t 

lake two collection, were toad ”1 algal flora of Sambhar 

June, 1968. Both eollectioo, °''“bor. 1967 and the other in 
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dtmums and S. plant, n,i, weir , ™<iru. Jn October while Cilamy 
ciralaai, formed a many layered T f i" Hue suspension, A. 

water. Since the lake i, very shall “ °° *'*' ™rface of brine 

easily nver.floodcd in rain, feet deep) and becomes 

perennate in lake mud lying j„, t,. “P “ summer and these algae 
e salt layers of approriraately 



KtmAR A«D SciCH ; Studies os the Algae : 69 


2-3 cm thickness. The lake is very rich in sodium chloride and sodium 
sulphate with the year-round percentage variation of 60-96%. This 
variation results mainly from lowering down of water level in the lake 
due to solar evaporation. 

The chemical analysis of the lake mud and brine water for 
quantitative estimation of nitrogen, sulphur and phosphorus revealed 
that the black mud contains 0.792 per cent nitrogen, 0.32 percent sulphur 
and 0.15 percent phosphorus and the brine water shows nitrogen 28 
lUg/J, sulphur 12 mg/1 and phosphorus 4- mg/1. The pH of the black mud 
was 8.5 and that of brine water 9-0. Similarly alkalinity determination 
gave a result of 210 mg/l for black mud and of 41 5 mg/1 for brine water. 
These data indicate the nutritionally-rich nature of the lake but its 
unusually high concentration of brine makes the lake a very specialized 
habitat unsuitable for algal species growing in normal habitats. The 
constant failure of our repeated attempts at growing any of the Sambhar 
salt lake algae in ali the conventional culture media tried indicates some 
unique physiological characteristics which make these algae thrive and 
multiply in ususualiy high concentrations of brine. 

The period September to December is very suitable for the growth 
of Sambhar lake algae and during this period cartloads of dark blue- 
green algal mats, locally known as ^'oeer* and consisting of circularis 
and S. plantensis, are produced on the water surface and along the sides 
of the lake. The algal growth is so profuse and proIiBc that labourers 
have to be hired to remove the algal mats from lake since they create 
great trouble during salt manufacture. The Assistant Chemist of 
Sambhar Salt Lake Department informed us that the “ncer‘ is employed 
on a large scale as green manure by local fanners. 

The question arises as to what is the source of nitrogen In the lake 
water or lake black mud. Though A. circularis could not be cultured 
yet, the suggestion (Singh, 1961) that this alga could be a rigorous 
nitrogen fixer enriching the lake with fixed nitrogen should be 
considered favourably till some evidence contrary to this suggestion is 
brought forth. However, the growth in bulk of algae in Sambhar lake 
creates problems in salt manufacture by imparting colour to brine and 
this makes it essential to check the algal growth. In this respect it is 
rather unfortunate not to find any reference to the algal fiora of 
Didwana and Pachpadra salt lakes and if these lakes have not yet been 
studied, it is high time that their biological productivity was investigated. 
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V~Aloae of Zawar Mines 

Zawar Mines, situated in Udaipur division oTRajasthan, are a rich 
source of zinc ores also containing significant quantities of lead, silver 
and cadmium. Mine wastes canslsting of highly turbid water solution 
of suspended rock, soil and ore particles arc produced in large quantities 
during ore extraction. These mine wastes are disposed off through open 
drains into a big reservoir exclusively meant for this purpose. The 
semiaquatic and aquatic habitats resulting from disposal of mine wastes 
are unusual for the growth of plants including algae because of their 
containing high concentrations of zinc (8 mg/1), lead (5 mg/1), cadmium 
{1.5 mg/1) and copper (2.5 mg/1). Though zinc and copper are essential 
microelements for algal growth, both elements become toxic if their 
concentrations are increased above a certain specific level (Eyster, 1964)i 
To our knowledge, no reports are available regarding the effect of lead, 
silver and cadmium on the physiology of algae. The present interest in 
the study of algal flora in relation to some chemical factors stems from 
the fact that such habitats are bound to provide useful information about 
th^B tolerance range and ecology of Rajasthan algae since concentrations 
of mineral elements in the mine wastes of Zawar Mines are well above 
the normal tolerance range and requirement of algae. 

The algal flora shows a preponderance of diatoms, i.e. CmbtUa. 
3^amcula, Synedra }^ilzsckia, Amphora. MaslogUia and Melosira including 
two species oiUlothrix. It. U. zonala and U. variabilis, and one species of 
growing on the sediments of mine 
wastes and the mme-waste effluent docs not support any growth. 

VI— Sewage Algae 
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These drains open into Ayicr river which remains almost dry throughout 
the year except for a period of 2-3 months in rainy season. However, 
the river basin contains many scattered deep depressions in which sewage 
gets collected and these depressions ser\'C as sesvage ponds of perennial 
nature. In rainy season the river does not support any planktonic algal 
growth because its rain water along with sewage water remains flowing. 
But from October till June the river remains almost dry and the stagnant 
sewage ponds of river basin favour luxuriant growth of species of 
C/ilamjdomonas, Scenedesmus and Euglna. The population size of sewage 
algae fluctuates considerably with Semedesmas as the dominant alga of 
winter community with concentrations of 4-36x10’ cells/ml and during 
this season the concentrations of Chlamydomonas and Euglena are approxi- 
mately 2-8x10* and 5-16x10* ceJIs/ml respectively. From February 
onwards, the population of Setntdesmus starts declining and chat of 
Chlamjdomonat and EngUna rising and by the end of March the sewage 
algal flora includes species of only Cklamjdomonas and Euglena with 
population size of approximately 5 X 10‘ and 2 X 10* cells/ml respectively. 
The pH of sewage ponds remains nearly 8.5 throughout the winter and 
summer season while alkalinity varies between 350 and 410 mg/1 with 
comparatively higher alkalinity in summer. 

The role of algae in sewage digestion and disposal has been well 
documented (Isaac and Lodge. 1958; Singh, 1961). The sewage 
treatment is essentially a biological process involving aerobic bacteria 
and photosjuthetic .ilgac, the former breaking doum the organic wastes 
of sewage to simple mineral nutrients at the cost of oxygen produced by 
algae during photosynthesis and the latter growing at the expense of 
mineral nutrients and carbondioxidc resulting from bacterial activity. 
The microbiological method of sewage treatment should be encouraged 
mainly due to two economic reasons. Firstly, the potentially noxious 
and dangerous sewage is made harmless and, secondly, the nurtients 
tied up in sewage gel incorporated into afgal ceils which along with the 
effluent of treated sewage can be uiilixed for fertilizing fish ponds. This 
line of approach of sewage disposal in Rajasthan seems quite feasible as 
most of the freshwater lakes of this State, particularly of Udaipur, arc 
employed for fish cultis-ation on a commercial scale. 

VII— Aloax or Udaipur Laus 

Udaipur has three lakes, i.c. Pichola, Fateh Sagar and Swarup Sagar. 
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with more or less a common phytoplankton flora consisting of 
duplex, Selenastrum weslii, Ankistrodesmus, Scenedesmtis, Coelaslrum, Cosmarim, 
Closterium {Chlorophyccae), Chrjsoceceus {Chrysophyceae), MUrecyslis 
aeruginosa Merismopedia punctata, Anabaenopsis raciborskii, Anabaenopsts 
arnoldii, (Cyanophyceae), Mastogloia and Pt'avicula (Bacillariophyccae). 
The pH ranges from 8-8.5 and water analysis conducted during the month 
of April gives values of approximately 30 mg/l of alkalinity. A regular 
monthly survey of the lakes for nearly two years gave no indication 
of heavy algal blooms. However, summer rather than rainy or 
winter season seems to favour better algal growths as evidenced by 
summer occurrence of more types of algae in relatively much greater 
numbers. 

Pichola lake remains highly polluted due to constant addition 
of sewage from lake palace and from motor boats and so is the case with 
Swarup Sagar and Fateh Sagar where washerman make large-scale 
routine use of lake water for washing clothes of the city population. 
All the three lakes are used for fish cultivation on an industrial scale, 
most of the species cultivated being well-known feeders of phytopla- 
nktons as well as of protozoans and crustaceans which in turn feed 
exclusively on planktonic algae. In view of the known role of algae in 
sewage digestion and in fish food-chain, the biological productivity of 
Udaipur lakes is worth investigating. 


VIII— Algae of Village Ponds 
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T**t-Gf. 1— AVcekly nrUlioo ia popaUtioo dwisity of CkUr^jlarmai ( X— X )> OtlefiUa 
( 0 — 0 I »od EagUaa { A—A I in poadi- 

pcrsiifs till the 3rd week of March. The peak abundance of 
Cklaajdotr.or.as lies between 4th and 5th week after which the aija 
gi\-es way to Eugltna which dominates till the end of the growing season. 
The quantiiaiu-e data of relative abundance gis'Cn in Fig. 2 indicate 
both Coniw and Patdoiirji attaining peak density in the 4th week, with 
Ganvsm dominating the algal flora till the 2nd week after which 
Pandonna becomes the dominating partner. In the 5th w eck there was 
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a decline in the Cim 

appearance and rise in th PPP“lation followed by sudden 
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. Te*t-6g. S— Weekly variaiSon io alkalioiiy ( ) and pbrnphaie ( O— O ) content of 

pond; I ■ — — ) and pond* (- - - -). 

In pond{ the decresse in alkalinity is accompanied by the 
decrease in Cfilortlla facquency and increase in CklcnjdoTr.or.as frequency 
while in pondj the density of Gonium and Pcr.doriTta becomes greater 
with the lowering of alkalinity. But the rise in alkalinity after 5th 
week brings down considerably the relative abundance of the initial 
algae and not of Euglena which seems to prefer higher alkalinity for 
good gross'th. Similar trend is evident in respect of weekly fluctuations 
in phosphate content and algal abundance (Figs, 1, 2 and 3). 
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Weekly variations in nitrate and ammonium nitrogen of pondj 
and pondj were also studied. Nitrate in pondj showed a little 
depression in the 2nd week and thereafter it continued to rise becoming 
almost constant after 5th week. Pondj had ammonium nitrogen 
maximum in the 2nd week, minimum between the 2nd and 4th week 
and moderate after 4th week. The decrease in the concentration of 
ammonium nitrogen followed by rise in the population density of 
Cklamydomonas points towards preferential utilization of ammonium 
nitrogen over that of nitrate nitrogen by the alga. 

Pondj always contained higher amount of ammonium nitrogen 
than nitrate nitrogen. The difference and fluctuation in the quantity of 
the two kinds of nitrogen are more likely to result from the microbiological 
processes operating within the pond. Moreover, Gonium and Padorina 
may prefer nitrate rather than ammonium nitrogen and consequently 
any increase in their population size is bound to result in lowering 
the nitrate concentration and this is precisely what the nitrogen data 
of ponds suggest. 


The pH fluctuations are identical in both the ponds with a 
minimum value in the 5th week, and pondj remained more alkaline than 
pondj throughout the course of the investigation (Fig. 4). The variation in 
pH seems not to be influenced by any factors other than the variation 
in alkalinity whose fluctuations, to a large extent, appear to be depen- 
ent on the size of algal population. The one obvious inference that 
can be drawn from the present study is that higher alkaline pH favours 
thepowth of ChbiiUa and B,gUn„ and slightly acidic or allaline 
conddions promote the growh of Gm^m and 

ff'Si- I, 2 and 4). 
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Text-fig. 4 — ^Vcekly variation of pH in poodi ( • — • ) sod poodi ( 0—0 ]• 

IX — SomiARY 

A general study of the algal 6ora of certain habitats endemic to 
Rajasthan has been made in relation to some physicochemical factors 
with a view to studying the tolerance-range ecology of Rajasthan 
algae and to assess their role in the biological productivity of their 
respective habitats. 

Desert habitats comprising semiarid and arid soils, bare rocks, 
rock fissures and diaphanous substrates and providing very harsh growth 
conditions have algal flora consisting predominantly of nitrogen fixing 
blue-green algae which contribute towards the nitrogen and organic 
status of such habitats. The mine waste algae of Zawar Mines are 
mostly diatoms including a few other algae. The mine wastes arc 
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Weekly variations in nitrate and ammonium nitrogen of pond] 
and pondj were also studied. Nitrate in pond] showed a little 
depression in the 2nd week and thereafter it continued to rise becoming 
almost constant after 5th week. Pondj had ammonium nitrogen 
maximum in the 2nd week, minimum between the 2nd and 4th week 
and moderate after 4th week. The decrease in the concentration of 
ammonium nitrogen followed by rise in the population density of 
Chlamjdomonas points tosvards preferential utilization of ammoniora 
nitrogen over that of nitrate nitrogen by the alga. 

Pondj always contained higher amount of ammonium nitrogen 
than nitrate nitrogen. The dififcrence and fluctuation in the quantity of 
the two kinds of nitrogen are more likely to result from the microbiological 
processes operating within the pond. Morco%'cr, Gonium and Paiorhs 
tnay prefer nitrate rather than ammonium nitrogen and consequently 
any mcrease in their population size U bound to result in lowering 
t emirate concentration and this b precisely what the nitrogen data 
ot pondi suggest. 


^ _ The pH fluctuations arc idenUcal in both the ponds tvitb a 
^ week, and pond, remained more alkaline than 
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GRASSLAND IMPROVEMENT IN DRY AND ARID 
TRACTS OF RA/ASTHAN 


Bj 

O.N. Kaul 

Forest Eeolegist, Forest Research Institute, Dehra Dun 
I— Introdoctio-v 

Rangeland husbandry occupies a prime place in the economy of 
Rajasthan because of unfavourable and trying climatic conditions that 
exist more especially in the western part of the State; most of the area 
being climatically classified as arid, semi-arid and dry. Livestock 
industry also forms the main occupation of the major portion of the 
population of the State. The problem of animal nutrition is, however, 
of great magnitude arising out of the very high livestock population of 
the State (33.5 million in 1961 — Whyte, 1964), the prevailing grazing 
practices and other social and religious customs in the country. The 
number of cattle units per 100 grazing hectare units has been calculated 
to be 177 in svestern Rajasthan (GaoguH, 1964). There is thus heavy 
incidence of grazing on the available lands resulting in their progressive 
deterioration to a ‘poor’ condition and severe soil erosion, to provide 
only below subsistance feed to livestock which in turn is reflected in 
their poor yield of milk, wool and meat. 

Inspire of the s’ery trying climatic conditions over the greater part 
of the State, these dry and arid areas arc capable of higher production 
than otherwise conceived. During and after the monsoon period these 
areas are turned into vast grasslands, which if managed properly could 
be maintained as excellent pastures. Rcconnaissaace grassland survej'S 
in Rajasthan, ^shich have classified the grasslands of the dry and arid 
areas of the State into Dichanthium-Cettehrus-EljonuTus grass cover, have 
revealed a high potential of such nutritious and palatable grasses like 
Lasiurus stndicus ( Eljanurus hirsutus ), Cenchrus ciliaris, C. setigerus, 
Dichanlkium annulalun and Panieum smtidatale (Dabadghao, 1960, 1960a; 
Prakash & Abuja, 1964). The extent of grazing lands varies from 30 to 
80 per cent of the land area in different districts of the State (Raheja & 
Sen, 1964). 
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nutritionally poor and have concentrations of zinc, copper, lead and 
cadmium well above the normal tolerance level of algae of normal 
habitats. 

Inspite of the Sambhar salt lake being nutritionally sufRcient, only 
Chlamydomonas, Spirulina platemh and Anabatnopsis circularis grow in 
this lake. The obvious factor preventing growth of other algae seems 
to be the high pH since cartloads of blue-green algae are produced and 
employed by local farmers as green manure. The Udaipur lakes are 
cutrophic supporting mostly members of Chlorococcales including a few 
blue-green algae. The lake algae arc never observed in blooms perhaps 
due to their serving as a source of food for the fishes of the lake. The 

sewage ponds supporting the growths of CA/flfnyomonflj. Scenedtsmus and 

Vagina are alkaline, being very rich in nitrate, ammonium and 
p osp ate. The periodical changes in the relative abundance of the 
VI age pond algae are accompanied by variations in chemical charac- 
Wrs ° * pond water and an apparent correlation seems to exist 

etween them. The pH study suggests that higher alkaline pH favours 
e powth of CklorelU and Euglena and slightly alkaline or acidic 
t ons promote the growth of Chlamydomonas, Conium and Pandorina. 
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condition grasslands in kg/ha respectively was: 337 to 688, 552 to 869, 
703 to 1523, 1165 to 1748, the increase being largely due to the 
improvement in grass cover and steady increase in perennial grass 
species. In the grasslands on heavy soils with higher rainfall the yield 
of forage increased by over 100 per cent while the increase in yield in 
low rainfall tracts was about 50 per cent (Anonymous, 1964). 

Preliminary studies on improvement of grassland in Chambal 
ravines at Kota have indicated that these degraded ravine lands would 
yield over 5,700 kg/ha (green weight) of grass annually after 3 to 4 years 
of simple closure, if the grasses arc cut twice in the season (Kaul, 1962b)- 
Thc average yield of grasses increased from 3464 kh/ha (green weight) 
after 2 years of closure to 7487 kg/ha (green weight) after 4 years of 
closure. It also appears that the maximum rate of production was 
reached 3 to 4 years after closure specially in ravine bottoms, which are 
in a higher state of productivity (Kaul, 1962a). 

For various reasons closures seem to be the only effective method 
of improvement of degraded grasslands in India in the initial stages. 
It has, however, to be agreed that it is difficult to effect closures, but at 
the same time they are absolutely necessary. 

2. Reseeding 

Reseeding is probably the quickest and the surest method of 
improving degraded grasslands. Though little experimental evidence 
is available under Indian conditions on (his important subject but 
choice of species, quality of seed, soil preparation, method of sowing, 
seed rate, soil moisture conditions, are some of the factors to be consi- 
dered for successful reseeding. 

Reseeding of grasslands with seeds of highly palatable grass species 
suitable to the soil and rainfall conditions has given very encouraging 
results in Rajasthan. The increase in yield (air dried forage) in seeded 
over natural Strips for ‘excclJent*, ‘good*, ‘fair* and ‘poor’ condition 
grasslands was 254, 86, 94 and 30 per cent respectively. There was 
substantial increase in forage production in ‘cxcelient’, ‘good’ and ‘fair’ 
condition grasslands (Anonymous, 1964). 

The selection of grass seeds to be reseeded has to be carefully 
made. In arid and semi-arid parts (Dtekanlkium-CenchTus-Elj/onurus 
grass cover) reseeding could be done with seeds of Cenchrus ctUaris, C. 
setigerus, Lasiurus sindicus (Eljtmams hirsntas) nndPanieum anlidotale. The 
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II— I1.1PROVEMENT Measures 

The most important phase in the improvement of animal nutrition 
is the development of grazing and fodder resources by managing and 
utilising the grasslands properly and by increasing the fodder from 
cultivated lands. Unfortunately, as mentioned earlier, many of the 
grasslands in Rajasthan (as in other parts of the country) have so badly 
deteriorated due to excessive grazing, overstocking and improper 
management practices that simple adjustments in management practices 
are not sufficient and other improvement measures have to be adopted. 
Depending on the condition of the grasslands (for condition classification 
see Dabadgbao, 1958; Ehimaya & Ahuja, 1967), improvement measures 
for forage production may vary from simple closure to reseeding the 
area with better grasses, soil and water conservation measures, use of 
fertilizers, control of weeds, etc., which are described hereafter. 


J. Closures 


Ecological management or closure followed by regulate dgrazing 
is an important method for the improvement of degraded grasslands as 
It induces progressive succession. Grasslands in India seem to have a 
remarkable capacity for rapid regeneration after closure from serious 
misuse. Regeneration which usually occurs within 3 to 5 years may be 
accelerated by other cultural operations, i.c., removal of weeds, soil 
working, planting, etc. 


The rate of progression towards production of superior grass cover 
would, however, depend on the condition class of the grassland including 
t e species present to provide a seed source and the rainfall. Studies 

earned out in western Rajasthan (Anonymous 1964) have shown that 
mtn proper management and controlled grazing Lcsiuruj and Diekanlkium 
land! the course of succession. 'Poor* condition grass- 
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transplanting or rooted slips; Cenchrus aliafis and C. seitgerus have given 
good results with both methods (Whyte, 1964; Haul, 1962). Line sowings 
of C. ciliaris and broadcast sowings of Laswrus sindicus are reported to 
have given better results (Ghahravarty et al., 1966). Recommended 
mixtures of seeds to be sown in arid areas of Rajasthan by different 
rainfall zones and soil types have already been mentioned. The seed 
rate recommended on the average is about 6 hg/ha. Unhusked grass 
seeds are taken and thoroughly mixed with three to four times their 
volume of moist sand or soil on the sowing day. Such mixture of seeds 
and moist soil enables uniform sowing of seeds in furrows. Further 
studies On reseeding in Rajasthan (Gadra Road, Bikaner and Pali — rainfall 
below 125, 250 and 400 mm respectively) have shown the effectiveness 
of harrowing where Ctnchrus ciliaris and C. setigerus were more successful 
than Panicum antidcfale. 

Though reseeding after the outbreak of the monsoon is generally 
met with success, an experiment (Jodhpur) which compares the time and 
method of reseeding depleted grasslands has shown that premonsoon 
sowing with harrowing are also effective. The success of these premon- 
soon sowings open up the possibih'ty of undertaking dry sowings thereby 
increasing the period of sowing, making it possible to undertake 
reseeding on large areas (Anonymous, 1962; Whyte, 1964). 

It has been recommended that no grazing should be done during 
the first year of establishment after reseeding and light grazing during 
the second year, if the stand is fairly good, may be done from October 
onwards. From the third year of establishment moderate grazing (60 
per cent utilisation) after the first week of August is recommended. 
Rotational grazing should be practised during the grazing season to 
allow the grasses in each compartment to put on fresh growth each time 
(Ahuja & Bhimaya, 1966). 

J, Soil and Water Conservation 

Soil and water conservation measures in dry and arid areas become 
an essential part of a grassland improvement programme where 
grasslands have been deteriorated. The type of conservation measures 
to be undertaken, however, would depend mainly on the condition of the 
area, topography, slope, rainfall, etc. etc. Critical areas and slopy lands 
where water erosion is active causing gully formation (c.g., dry areas in 
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establishment and performaace of Losiurur sindicus (Elj'onurus hirsvtas) 
has been highly impressive in sandy soils and low precipitation zones. 
Cenchrus ciliaris and C. stligerus perform well with an annual rainfall of 
150-750 mm on wide range of cdaphlc conditions. Dichanlhium annuhtam 
occurs naturally on heavier soils with higher rainfall and gives good 
performance in areas of over 400 mm rainfall (Abuja & Bhimaya, 1966). 
Successful introduction of Dichanlhium annulatum on degraded ravine 
watersheds near Kota has also been made (Kaul, 1962). Ahuja and 
Bhimaya (1966) have suggested a mixture of grasses for reseeding grass- 
lands in Rajasthan, as given in Table 1. 


TehU I — Mixfurt ef grasses saggesled for reseeding grasslands in Rajaslhm 
(Akuia & Bkimaja, J966). 


Medium rainfall 

Low rainfall 

Annual rainfall above 

Annual rainfall below 

380 mm 

380 mm 

Hea \7 soils Light soils 

Heavy soils Light soils 


annulatum & 
Cinehrus spp. 


ceneftruf spp. & Cenchrus spp. & Lasiurus stndieus 

Lasiurus stndieus Dichanihum & CenehTUS «PP* 

annulatum 


Reseeding may be done on level soils in rows 45 cm apart but 
distance may be increased, if necessary, depending on seed stock. 

economics of reseeding, the urgency of revegetation of grassland, etc. 

■ . subject to wind erosion reseeding may be done in strips at 

tlf 'rind. Soil preparation may be in 

tren ^’Sht harrowing, making of contour furrows or contour 

jjg , depending on topography and soil, and so%ring would 

(ISeei*^’ ^ contour furrows or trenches. Ahuja & Bhimaya 

work in Rajasthan mention that grass seed 
after the fi furrows 75 cm apart at the end of June or 

10 cm Hpp. shower. The farrows should be shallow (less than 

soil. ^ should be covered not more than 2 cm with 

carried method of propagation of grasses 

hirsutus) aoH p" . indicate that Lasiurus stndieus (Eljonurus 

Panicum ^ established by direct seeding, while 

e e and Dickanlhittm annulatum are best established through 
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Water spreading in grasslands has not received much attention 
in India so far. It has, however, been tried on a very limited scale 
in Rajasthan on pasture development area at Samadari ^Yhere the 
runoff from a rocky hill collects and forms seasonal streams which 
cause serious gullying in the lands below. The area benefited is about 
4 hectares (Whyte, 1964). 

4. Use of Fertilizers 

The possible use of fertilizers to increase production and thereby 
improve the condition of the grasslands has evinced considerable 
interest in the recent past. Though there is not much experience to 
guide, increase in yield as a result of fertilizers has been reported 
from different parts of the country. Probably the most spectacular 
example of increased yield of grass by fertilization is at the Araey 
Milk Colony in Bombay, where para grass gave 224,170 kg/ha of 
fodder when given cow*shed wash, while mth ordinary irrigation 
wafer it yielded 112,085 kg/ha of green fodder (Anonymous, 1956). 

As regards grasslands in Rajasthan, fertilizer applications have 
caused increased yields of grasses. In Mendra Bir (Bharatpur) 
increased yields of 3.5, 7.9 and 16.2 per cent with application of 
ammonium sulphate nitrate, single superphosphate and mixture of both 
at 112 kg/ha respectively were observed (Anonymous, 1968). Studies 
conducted at Jodhpur on the effect of several mamu-ial treatments 
on the production and nutritive value of certain grasses like Lasiunts 
sindicus f£^onuruj Airsutur^, CmcAnij eiliaris, C. setigerus and Pantcum 
aniidoiale have indicated that in general application of nitrogen either 
singly or in combination with phosphorus or phosphorus and potash 
gave favourable and significant response in all desert grasses 
(Dabadghao et al., 1955). Ahuja and Bhimaya (1966) mention that 
high yielding grasses uith fairly high protein content respond well to 
commercial fertilizers. Application of ammonium sulphate at 112 
ig/ha in a single dose on a rainy day has given increased yield of 
air dry forage by 48, 69, 33 and 46 per cent in ‘poor’, ‘fair’, ‘good’ 
and ‘excellent’ condition grasslands. In ‘good’ and ‘excellent’ pastures 
response to application of 22.4 kg of N and 22.4 kg of PiOj were 
economical (Anonymous, 1964; Ahuja fi: Bhimaya, 1966). 

The application of fertilizers to natural grasslands in the country 
as a whole, however, does not appear to be an economic proposition 
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drainage channels may be necessary, a number o ^ 
being preferable to a fese large ones. 

"where s.a.er is a Umi.ing factor the 
taprovement programme is to reta.n as i„„%„c.ic=s 

the grassland to favour grass grosvth. ^ese conse ' 

svoold also be useful in reseeding of grasslands as ram 5; pie 

insnfficien. in these dry areas to pern.it seedling estabbshmem. S.mpl^ 
harrosvin., contour furrows, soil pitting and sod ripping, ■ 
some of The practices which can be adopted. Contour urrowsje 
effective on genUc to moderate slopes but have to be properly , 

Soil pitting would consist of digging a aeries o ong 11 
staggered pits across the slope on the grassland. They 
short interrupted contour trenches or furrows and can 
lands that are too uneven for contour furrows. The increased 
retained in the pitted surface svould give better forage e 
increase the carrying capacity of the grassland. It has been "P 
that contour furrows, contour bunds and contour trenches m grass ^ 
wth shallow soils have resulted in increase of forage by 96 p« cen 
(683 to 1338kf/ha) in Rajasthan (Anonymous, 1964). Soil 
would be necessary in grasslands with heavy soil (Pali area) w cf 
vfater absorption is slow. Breaking of the ground under such con itio ^ 
^s•ould increase moisture penetration and forage production. Ripp'^o 
has to be done to a depth that will break the shallow hard pan 
layer below. 

The utilisation of rain water for the improvement of ^ 

in dry and arid areas through water spreading (Stokes et ’ 

which is a simple form of flood irrigation accomplbhcd by diverting 
runoff from natural water courses and spreading the Bow over adjacent 
areas needs mention. In recent years water spreading in grass an ^ 
has assumed importance as it improves the productivity of the grass ^ 
(thereby increase the carrying capacity of the area) and lengthens t 
growing season during which the forage is succulent and nourishing 
because of the extra moisture available. Water spreading, though use 
in many grasslands, could not be used everywhere as the sites have to 
be selected with great care giving due consideration to topography* 
climate, soil, available water supply, present and potential vegetation o 
the area, etc. 
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species in this respect. TTiis species is being grown (125 to 150 trees 
per hectare) by the farmers in their fields in the desert region where 
crop growth is reported to be better in fields with scattered trees of 
Prosopis spicigfra (Pathak, 1958). 

Top feed species arc of prime importance in supplementing 
livestock requirements in arid regions, especially as they supply feed at 
a time when very few grasses or forbs occur in the grazing lands. These 
top feed species also upgrade the carrying capacity of otbcnme poor 
grasslands. Studies carried out in Rajasthan have shown that from the 
point of view of palatability, nutritional status and ready availability, 
Prosopis spicigera and ^izjphut rtummuiaTta arc the best top feed species for 
cattle, sheep and camels, while CalUgonum polygonoides, Sabadora oleotdes, 
S. persiea and Gymnosporia spinosa constitute an important source of leaf 
fodder for camels ^GanguU etal., 1%4). Suitable spacing of the tree 
species in the grasslands has, however, to be worked out. 

6. Control oj Wtids 

Herbaceous and woody perennial weeds like Tephrosia purpurea, 
Aerua tomentesa, Xenthium, Cassia tora, Cahtropis spp., Crotolaria burhia, 
etc., are t'ery common in the degraded grasslands of the State and 
their removal is one of the most important steps towards grassland 
improvement to remove any competition with better grasses. Competi- 
tion from unwanted growth is rather acute m these dry and arid areas 
due of lack of moisture and rather spectacular results have been obtained 
with proper weeding carried out at the proper time. Of the various 
methods of controlling weeds like uprooting, cutting off at the ground 
level, mechanical means, burning and application of wecdicldes, 
uprooting of weeds manually before they form the seed is the commonest 
method used at present. Shrubs and tree sprouts can be best controlled 
by cutting them at the proper time. Sheep and goats also help in 
keeping down some of the weeds {goats would eat even Calotropis) and it 
may be desirable to have a few sheep and goats with cattle on the 
pasture. No power equipment has so far been used in this country for 
mechanical weeding in grasslands. 

Though weedicidcs offer a great promise for effective weed control 
on grasslands, their application on any scale has not yet been under- 
taken in this country mainly because of their high cost and finding out a 
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,o be adopted ™ a wide scale. This has also been indicated by some 
of the manorial trials made with certain desert grasses at Jodhpur 
(Dabadghao el ol., 1965) and in the ravine grasslands of Gujarat svhere 
application of fertilirets to grasslands has increased grass yields but have 
proved to be uneconomical. FerliUrets are badly needed for raising 
agricultural crops which have to he given top priority, and they involve 
considerable expenditure which could only be justified with a high 
producing livestocl. Further, there have been very few field trials 
conducted in various regions of the country with regard to the applica- 
tion of fertilizers to natural grasslands, which would give an indication 
of the actual increase in >ield by using fertilizers, the circumstances 
under which such increases would take place and their extent. 

The possibility of using town sewage at selected places for the 
production of high quality green feed needs mention as this constitutes 
an enormous waste of this source of fertility. It has been reported that 
in Coimbatore yield of 392,300 kg (grcen)/ha per year is being 
obtained from Guinea grass irrigated with town sewage (Whyte, 1964). 
Though town sewage is being utilised at some places in the country, its 
use on an extensive scale has yet to find a place. 

5. Fodder end Shade Trees 

One other measure of grassland improvement in the arid zone is 
the creation of windbelts around grasslands. Windbclts have primarily 
the same function on grasslands as on farm lands, i.e. to protect the 
areas from wind erosion and to increase the quality and quantity of 
grass yield by creating better soil and microclimatic conditions. Though 
there arc no data to illustrate this increase from India, examples of 
increased forage yields have been reported from several other countries 
(Cabom, 1957; Stoeckeler, 1%2; Eimern et al., 1964; Read, 1964). 

Shade is an important factor in grassland management and needs 
to be provided on all grasslands where air temperatures are high. 
Besides the shade provided by the windbelts. it would be necessary to 
have some trees well distributed in the grasslands, which would provide 
shade to the cattle and at the same time be useful as fodder (top feed 
species). Besides checking \rind erosion these scattered trees would also 
bring about a change in the microhabitat creating favourable condi- 
tion for succession of perennial grasses. Prosopis spicigera is a prized 
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III— RtsEARcn AND Development 

Though correct animal feeding has been repeatedly stressed as 
being essentia! it has received very little attention in the past in this 
country. There is, hotves'er, no doubt that research and development 
on the grassland and fodder resources of the country have gained 
considerable momentum during the last decade or so. The recognition 
of different grass covers of India has been a landmark for planning 
grassland improvements. The results of the survey have also revealed 
that most of the high potential grazing land of the country are situated 
in the arid and scmi-arid zones of India. Considerable amount of work 
on various aspects of grassland management and improvement in dry 
and arid areas of Rajasthan has since been done by the Central Arid 
Zone Research Institute, Jodhpur, and the State Forest Department. 
The most significant development in the recent past has been the 
establishment of Indian Grassland Research Institute at Jhanst. With 
all these research and developmental activities and the various grassland 
improvement schemes that the State Government has launched, the next 
decade should see Important developments in the management and 
improvement of grassland in Rajasthan and the country as a whole. 

IV— Summary 

The problem of animal nutrition is of great intensity arising out 
of the very high livestock population of the State ^vhich has resulted in 
progressive deterioration of the grazing land and severe soil erosion, 
providing only below subsistance feed to lis’cstock which in turn is 
reflected in their poor yield of milk, wool and meat. 

Reconnaissance surveys have indicated a high potential of such 
nutritionally important and palatable grasses like Lasiurus dndiciis 
(Eljnncerus kirsaiuf), Ctfi^hrus C. .fftigeruf, £>hha}st}!wm aani/hiuw 

and Panicum antidolale. 

The paper discusses the various grassland impro^’ement measures 
in dry and arid tracts of Rajasthan, svbich may %’ary from simple closure 
to reseeding the area with better grasses, soil and water conservation 
measures, use of fertilisers, windbells and control of weeds, citing the 
results of various studies conducted so far with regard to different 
improvement measmes. 
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suitable weedkides for application. Wccdicidcs like 2, 4-D and 2, 4-5-T, 
and other related compounds have been extensively used in other 
countries to kill weeds, broadleaved shrubs and trees (Prosopis) on 
grasslands in arid areas (Cable & Martin, 1964; Kaul, 1965). Some trials 
with 2, 4-D. 2, 4-5-T and a mixture of both (spontox) in appropriate 
concentrations were undertaken in Rajasthan and these chemicals have 
been reported to be efiectivc on shrubs and even trees have been killed 
(Ganguli, 1964). 

Mention needs to be made of the fodder potential of 
other tree and shrub species {Ptosopis spictgera, Capparis decidua, etc.) 
found in the grassland of the State which are otherwise to be constituted 
as weeds. Some of these shrub and tree species are a valuable source of 
fodder of which is the most important. Its leaves (locally 

called pala) arc rich in protein {crude protein content of leaves varies 

from 14.24, 14.62 and 14.70 per cent In monsoon, summer and winter 

respectively) and are used as supplemental feed for milch cattle. Leaf 
fodder of also remains abundantly available when all other 

grasses have dried up. As such this species plays a vital role in 
increasing the carrying capacity of these otherwise depleted grasslands. 
Besides these bushes check wind erosion and bring about a change in 
the roicrohabitat causing better grasses to come in, thereby upgrading 
the deteriorated grasslands. Besides its fodder potential, 
thorns arc the only source of fencing of these grassland and have high 
calorific value as fuel. 

In view of the high fodder potential of Z^zyphus there is thus a 
need for maintaining a proper density of both grasses and Z^^P^^ 
order to have the right proportion of Z^zyphus to obtain maximum 
forage yield per unit area. Working on 11, 14. and 18 per cent densi- 
ties of Z^zyphus in a grassland, Kaul and Ganguli (1963) found that 
the average total forage yield per hectare corresponding to the three 
densities of Z^zypkus was 695, 1,000. and 875 kg respectively. Density 
of H per cent also gave the highest yield of grass (875 kg) per hectare. 
Densities higher than 14 per cent suppressed the production of grass in 
the pasture. 

Among other improvements of grasslands, control of range destro- 
ying rodents which are very common in the desert needs to be looked 
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I— IbTRODlrCTIOJf 

‘ The universality of occurrence and beneficence of grasses is well 
kno^vIl and is something to be reckoned with. A glance at the available 
literature on the subject reveals meagre and fragmentary information 
about the same. The main contributors are: King (1879), Dutbie (1886), 
Blatter and Hallberg (1918*21). Mahabale and Kharadi (1946), Sarup 
(1951, 1954, 1957 and 1958), Sarup and Vyas (1951), Krisbnassvamy and 
Gupta (1952), Biswas and Rao (1953), Bakshi (1954), Nair (1956, 1961), 
Nair and Nathawat (1956), Ratnam and Ramdeo (1957), Nair el el. 
(1958), Satyanarayan (1958a, b), Joshi (1958), Jain et al. (1960), 
Sharma (1961, 1962, 1965. and 1968), Malay and Mathur (1961), Vyas 
(1962, 1962-63, 1963, 1964, 1965 and 1967), Jain (1962), Raizada and 
Sharma (1962), Vyas and Gupta (1963), Satyanarayanan (1963), 
Bhimaya ei al. (1964), Cberian and Gaur (1965), and Rahcja (1965). 

Various aspects of grasses have been worked out by Mulay et al. 
(1955), Mulay and leclamma (1956), Vyas (1964), Sarma (1965) 
Kanodia and Rao (1965, 1965-66), Chafcravarty and Verma (1965) 
and Chakravarty and Kulkami (1966). 

Joshi and Sarma (1966) published a list of grasses of certain areas 
in Jhunjhunu district. Information regarding range resources of Rajas- 
than have been given by : Satyanarayanan (1958), Prakash and Nanda 
(1961), Kanodia and Rao (1362-63), Das el al, (1963, 1964), hfisra and 
Das (1963), Das (1964), Das and Gupta (1964). Prakash and Afauja (1964), 
Shankaranarayanan and Satyanarayanan (1964), Chakravarty (1965), 
Chafcravarty and Das (1965), Dabadghao el al. (1965), Kaul (1965), 
Lahiri and Kbarabanda (1965),Shankaranarayan elal. 11965), Vyas and 
Gupta (1965), Ahuja and Bhinia>'a (1966), Chakravarty and KuJkami 
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2. Biotic Factors 

Termites, locusts, common birds like peacocks, patridges and 
pigeons, and livestock are the main biota which influence and damage 
the grass cover at various stages of its development. The data below 
give the area and live-stock population of the two districts : 

District Population, 1971 Census 

Jhunjhunu 921,637 

Sikar 1.039,603 

Total 1.961.240 

Total livestock population (according to livestock census, 1961) 8,06,000 
Total area (in thousand acres) under fodder crops (figures taken 

from Agriculture Situation in India, Sept. 1959) 3,756 

Ratio of total livestock population & area under fodderOrops 215 : 1 

3. Edapkie Factors 

Due to eroded physiography and perpetual shifting of dunes the 
soils mostly are sandy and azooal. The loose sandy soils of the plains, 
embryo, barchanoid and longitudinal ridged dunes are all formed of 
blown sand. The sandy soils have a single grain structure, are 
very porous and thus readily permeable. The round, minute sand 
particles facilitate good drainage and percolation due to good aeration 
but also help in ‘sheet erosion’ during summer months. For different 
ranges of soil particles in different areas refer to Table 1. 


Tabu 1. — Arta-tcise ranges of soil particles 


Depth at 
vibich samples 
were taken 

% of Piiie 
Giaret 

Mecbanical nature 
% ofCoarse % ofFme 

Saad Sand 

% of Sill 
& Clay 

I. lao! lying anas 

70 

8.5 

75 0 

95 

10 0 Cm. 

2.5 

7.4 

81 5 

86 

20.0 Cm. 


84 

61.2 

60 

20.0 Cm. 

60 

5.4 

79.8 

8.8 

2. Sandy and duns attas 

Surface 

025 

8.2 

878 

3.75 

10.0 Cm. 

000 

8.4 

86.1 

5.50 

20 0 Cm. 

0.10 

6.9 

9i.5 

1.40 

30.0 Cm. 

O.IO 

B2. 

630 

370 

3. Hilly areoi 


9.50 

61.5 

164 

12.70 

Stiddle 

6.50 

77.0 

1 1.5 

500 

Base 

too 

69.5 

14.7 

11.80 
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(1966), Chakravarty et al. (I960), Gupta and Saxena (1966), Malhotra 
(1966), Sen (1966), Jain (1967), Ahuja and Bhimaya (1967), and 
Satyanarayan and Gaur (1967). 

The present paper analyses the existing grasslands and range 
resources problems of the Shekhawati region in Rajasthan. 

II — PirySIOCRAPKY 

Shekhawati, situated between 27“ 9' and 28“ 37' N latitudes and 
74® 43' and 76® 9' E longitudes, consists of two northernmost districts 
of Jhunjhunu and Sikar. The total area of Shekhawati comprising the 
two districts (Jhunjhunu : 5900 sq. km. and Sikar : 7700 sq. km.) is 
13600 sq. km. Thus, in area Jhunjhunu is the smallest district of 
Jaipur division, and Shekhawati as a whole represents a little over one* 
fifth of the area of this division. 

Areas in Shekhawati are covered by wind blown sand and dunes. 
The rugged hills, saline and aquatic areas are other habitats of the 
region. The landscape presents an irregular topography. The terrain 
is not altogether Bat as there are chains of hills, and scattered, isolated 
outcrops of rocks at many places except the north*western desert 
portion. Harshanath (3,000 ft. above M.S.L.), situated at 27" 37' 
N and 75® 8' E, is the highest peak near Sikar. The Aravalli hill 
ranges of Singhana and Khctri He at 28“ N and 75® 51' E. The 
following ecosystems are recognised within the area : 1. Rocky; 2. 
Aquatic and marshy; and 3. Sandy plains and dunes. The only river 
of importance in this area is Katli. This and a few other minor 
streams are all rainfed and are soon lost in sands within the outlines of 
Jhunjhunu and Sikar districts. 

HI— Environment 
7. Climatu FocIots 

The climate of the area is semi-arid, typical of many other regions 
of Rajasthan. In general the area is characterized by extremes of 

temperature and low rainfall. Diurnal variation in the day and night 

temperatures is always large. The month of June has the highest 
maximum temperature (44“C) while January shows thelowest mini- 
mum (1®C). Rainfall is maximum in July or August (100-300mm). 
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The soils in general are sandy and possess low fertility, while the 
soil found in Khetri, Udaipurwati and Sikar are sandy and sandy loam 
and are comparatively more fertile. Water is available at 100 to 120 ft. 
depth in Jhunjhunu and 20 to 40 ft. In Khetri and Udaipurwati. 

IV— General Aspects of Grasslands 

On the basis of their water requirements, the grasslands growing 
in Shekhawati region can be grouped under the following categories : 

1. Rainy season grasses : Behave like cphcmerals. 

2. Off season grasses : Appearing in late tvinter and before summer. 

Common to categoiy I above- 

3. Perennoling grasses : Discard aerial parts during unfavourable 

season and appear again whenever suitable conditions set in. 

4. Perennial grasses : Remain throughout the year. 

The grass cover worked out in the area has been classified accord* 
ing to their habitat preferences, seasonal, fodder value, stabilization 
and afforestation aspects, and drought tolerance. 

I. Annuals 

These include Apluda mutua L., Botkrhekloa isekeentum (L.) Keng., 
CenehrtiS bijlorus Roxb., C. prieurii Kunib., Digitaria edscendens (H.B.K.) 
Hcnr., D» sanguinalis {L.) Scop.. Echinockfoa colonum (L.) Link., E. 
crus-'galli (L.) P. Beauv-, Selaria rertieilUta (L.) P. Beauv., Polypogon 
TTtonspeliensis (L.) Desf-, Aristida mutaiilis Trin. et Rupr., CAlaris prieurii 
Kuntb., MelanocencAris jacqumanlii Jaub. et Spach., Telrapogan ttnellus 
Roxb., Acrachne racemosa (Hcync) Ohwi, DaetyUctenium aegypticum L., 
Eragjosiis ciVwrw (L.) R. Br., E poaeoides P. Beauv., B. tenella (h.) P. 
Beauv., E. tremula Hoebst., E. uaialaides Retz., Poa artuua L., Peratis 
Nees, P. indica (L.) O. Ktze., Sparobalus caramandelianus (Retz.) 
Kuntb. and Tragus tiflorus Schult. 

2. Perennials 

These include Bothriockloa pertusa (L.) A. Camus, Cjmbopogon 
martinii (Roxb.) Wats.. C. parkeri Stapf, Heteropogon conlortus (L.) P. 
Beauv., Saeeharum bengalense Retz., Cauhrus ri/iaru L., Panicum antidolale 
Retz., Chloris barbata S>v'., Cynodon dactylen (L.) Pers., Daelyloctenium 
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of animal feed at the appropriate times of the year to maintain its live- 
stock population. Therefore, grassland survey and study of fodder 
grasses and its other economic aspects is important. Cbakravarty (1961), 
has worked out the dominant highland grass species which add to the 
bulk of production. He has found that the productivity reading comes 
to about 51,000 pounds of green fodder per acre. The same author has 
obtained about 44,000 pounds of green fodder per acre from the low 
land grass trial by six cuts annually. 

Shekhawati region has a low annual rainfall which is erratic. 
IVinter rains are of rare occurrence. Evapotranspiration exceeds 
precipitation. Under such intense conditions of high temperature 
variations and extremes the grass cover remains for a comparatively 
short duration of time. The productive grasslands are soon subjected 
to indiscriminate and unrestricted grazing everywhere by large herd of 
sheep, goat and domesticated cattle. The onslaught on grass cover in 
particular goes on relentlessly resulting in many barren and denuded 
areas again. In spite of the intense biotic pressure, the growth of 
grasses under stress makes tbeir vulnerability and susceptibility to biota 
Jess recognizable. The livestock, which browse and graze on all fodder 
grasses, are considered indispensable and, therefore, should be maintained 
in fenced areas. These, if protected, are seen to grow well with their 
tenacious fibrous roots which hold the soil. The period of their appea- 
rance, growth and development seasonally and annually will definitely 
help in ameliorating the conditions in the area. It has been shown 
at the Central Arid Zone Research Institute, Jodhpur, that a range land 
adequately protected from unauthorized grazing by proper and effective 
fencing and allowing grazing at a controlled rate, based upon the grazing 
capacity of the range, doubles its production within three years. Grass 
cover in fenced areas will thus protect soil better from erosion. This 
will help in increasing soil fertility by retaining humus and also aid in 
soil binding and more water bolding capacity. This naturally will result 
in high carrying capacity svilb most efficient rooting and spreading 
behaviour of grasses present in the area. 

The distribution of characteristic natural fodder grasses in different 
ecosystems of Shekhawati, is basically controlled by effective precipi- 
tation, topography and soil condition. As such grasses from eroding 
areas could be saved from biotic exploitation to help in building up the 
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sindieum Boiss., Desmostachja hipinnata (L.) Stapf and Eragrostis ripark 
(Willd.) Necs 


3. Fodder 

These arc Apluda mulica L. (when young), Bothriochloa pertusa (L.) 
A, Camus, Sorghum halepertse (L.) Pcrs., Brachiaria ramosa (L.) Stapf, 
Digitaria adscendens (H.B.K.) Henr., D. sangutnalis (L,) Scop., Echkochloa 
colonum (L.) Link., Acrachne raetmosa (Heync) Ohwi, Tragus bijlorus Schult., 
Cenchrus and Eragroslts spp. 


4. Sand Binders 

These include Panicum antidotale Retz., Dact^loclenium sindieum Boiss., 
Desmostaehjia bipinnala (L.) Stapf (excellent sand binder), and Saceharum 
tengaltnse Retz. 


5. Drought Resisting 

These are Ckrysopogon grjUus (L.) Trin., Cenchrus biJtoTUS Roxb., 
Panicum antidotale Retz., and Bothriochloa pertusa (L.) A. Camus. 

V— DUCUSSION 

The interdependence of plants (especially grasses) and animals 
me u ing man) is universal. This inter-relationship becomes of para- 
mount importance in arid and semi-arid regions where the low 
p nt cover is mostly rain-fed and quite sparse in the off season. The 
etween the vegetation and biota is, therefore, to be maintained 
o avoid extension of denuded habitats in such areas. Shekhawati. 

er regions of Rajasthan, has also been subjected to intense and 
unrestricted grazing and biotic exploitation resulting in sparse plant 
e rainy season herbs and grasses are wiped out and badly 
development within a very short interval of 
® of domestic cattle, sheep and goat. The problem, 
re'intiTrp' ^ ‘^^’’cful thinking, planning and utilization of range 
s on sound ecological principles based on thorough field studies, 
shn ?/^ K (1957) suggested that the livestock farms in India 

JnH t, , . a way as to provide the amount of grazing 

> ay an , and cultivated land necessary to yield sufficient quantities 
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should be worked out before any clear picture can emerge with regard 
to the range resources of the area. The average density of animals per 
hundred acres is 48 in Sikar and 50 in Jhunjhunu district (Statistical 
Atlas, 1959). The animals arc allowed to graze on current fallows 
where the grasses are rich in nutrient content. The excessive grazing 
makes the regenerating capacity of grasses feeble. 

The above information may be useful in planning the protec- 
tive and productive function of grasses, and in selecting suitable 
grasses for range resources, fodder, protection of moving sand and in 
afforestation programme in Shekhawatt. The economy of the area is 
based on its cattle, sheep and goat, hence improvement of range should 
be the paramount undertaking in Shekhawati region as its primary 
objective. 

VI— Summary 

The universality of occurrence and interdependence of grasses is 
well known. The available literature on grasses and range resources 
reveals a sketchy information about the same. Only a few publications 
deal with grasses and range resources of Rajasthan, while hardly any work 
of significance has been done in Shekhawati area. The physiography, 
environmental facton and general aspects of grasslands in the area 
have been given. Problems connected with grass cover and range resour- 
ces have been discussed. Steps ha%-c been suggested for ameliorating the 
conditions in Shekhawati. The information may be useful in planning 
protective measures and also in boosting the economy of the Shekhawati 
region. 


VII— Referen'ces 

Ahxjji, L.D. «nd Bhimaya, C P- 1966. Re-is^linj r»oft l»nii for beitrr rrproJuction in 
Rajuihin. /i/.>4 /ct/. 

Ahuj», IsD. »nd Bhimayi, C r. 1967. Crrmliution ttudin of ircdt. An'J 

6 <2J: U6-150. 

Bhiro»ys, C.P., Cherian. A *nd SaiyanAnran, Y. IWi. PreliToinary itudirt on the 
iTjrctiljon efKiiJona. For., 93 (10) t €'>7.675. 

Bl«ttrr. E. »nd MrCacn, C. 1955. The Cfir^UAru. 

rco. 5. 

Bor, N.U. 19G0. TTir Crtsitt i/ T-irmt, Cryrm, /«f£j eei rMirfri. London, rmnjfon Pm*. 

Ciukrartrtr. .VK.. 1961. Prelimioirr ttuJf on Knoe luiluriUy oceurirc »t>d IrtuTrir, 

oritirinfUaia firm lo detrrmu* their poieciulity u toufce of fo-ider. 
•dX'i.Til/u'Uf. 5 llt> : 173-187, 



100 : Natural Resources of Rajasthan 


soil for forbes and for further suitable plants in stabilization processes. 
The grasslands in sandy areas ofShckhawati. therefore, can be developed 
for effective increase in organic matter in the soil which may further 
help in decreasing erosion and in improving soil fertility as also in having 
a favourable micro-climate. 

At the same time production of grasses not preferred by cattle must 
be discouraged from spreading further. Protected areas could be 
reseeded with grasses of economic and fodder value with proper manage- 
ment and agronomic practices. 

It has been observed that apart from the regular crops like Penni- 
selum tjphoides, Trilieum aestieim, Z^a mays, etc., subsidiary starch food in 
famine has also been procured from grasses like Eltusine indica, Echino- 
ekloa colonum, £, erus-galH, Digilarta sanguinalis and Selaria glauca. The 
main fodder grasses are Brachiaria ramosa, Bothriochloa pertusa, Echino- 
eklua colonum, Eltusine indica, Diekanthium annulotum and Cenchrus ciliaTis, 
while oil can be procured from Cymbopogon. The other grasses of utility 
are Sacckarum, Bolkriochloa petlusa and HettTopogon contoTtus which are used 
for thatching of huts and cattle sheds. 

Cattle, sheep and goat are the main wealth of Rajasthan and of 
Shekhawati too. Therefore, improvement of grasslands and range 
resources are of paramount importance since these feed the main animals 
of the area. This would not only save but boost the economy also of 
the Shekhawati region. 

Sheep industry of Rajasthan is the largest in the country. The 
utilization of uacultivable waste lands with weeds by grazing and brow- 
sing by herds of sheep can go unhampered as sheep, unlike goat, does 
not darnage tree growth. In fact the golden hoof of sheep bring 
prosperity to such areas by their droppings of dung which contain a 
high percentage of nitrogen and potassium. These ‘four-legged ferti- 
izer factories enrich the soil and thus very much benefit the soil 
fertility and improvement. 

Steps must be taken to grow grasses of medium fodder value but 

of great significance in sand stabilization too. In addition, more 
grasses could be added which, apart from their good forage value, have 
a high reproductive capacity. A complete information regarding 
the mcsophytic, psammophytic and lithophytic grasses of the area is 
essentia efore assessing the grass cover’s utility for the region. The 
pro grasses and population-land rationale and other aspects 
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I — Iktrodl’ction 

In Rajasthan, the main source of income of the rural population is 
livestock industry. The State is the largest svoo! producing zone in 
India (45% of the countr)'’s production). It has some of the best breeds 
of cattle, sheep and camel. According to the figures compiled by IN’hyte 
(1959, 1964) for the year ending 1956, there were 32,426,976 livestock 
in the State svith 12,072,713 cattle, 3.439,449 buffaloes, 7,372,805 sheep, 
8,730,163 goats, 303,579 camels, 303,579 equines, etc. 

Livestock, being selective eaten, destroy better species and over- 
grazing eliminates finer grasses and shrub species. Lopping of trees by 
graziers further deteriorates the vegetational cover. Grassland problems 
in India, in general, have been discussed by \Vhyte, Venkataraman .md 
Dabadghao (1954), ICAR Annual Report (1954), Guha, M.P. (1956), 
Whyte (1959), Dabadghao (1957, 1960, 1961), Rcge (1962) and Puri 
(1966). Raheja (1962) has especially dealt with the research and 
development in the Indian arid zone. 

II — Terrain' 

Western Rajasthan can be distinguished into three primary land- 
form regions /BharadwaJ. 1961); fl) The predominantly sand-covered 
Thar, (2j Plains with hills including dune-free countr)*, and (3) Hills. 
Tlie secondary land-forms recognised arc : (i) Plains with sand dunes, 

(ii) Plains of prcdomincnily older allumium. and (iii) Dcilic plains. 
Geomorphology of granite landforms in the Indian arid zone has been 
described separately (Pandey, 1966). 

•Prnmt aSi’m ; D-pirtnifni of Btojejmte*. S»ur*ihtr» Cnirm^ty, R»JlLOt, 
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V — Vegetation 

' According to the Survey General of India, total geographical area 
of the State is 84,576 acres; of which 3,553 is under forests, 14,833 acres 
is barren and uncultivable land, and 3,409 acres under permanent 
pastures and other grazing lands {cf. Text-fig. 2). 



Ecoclimate of the State has carv'cd out three vegetational zones, all 
of them along or parallel to Aravalli chain of hills ; 

1. Dry deciduous forests : Mixed in nature and in which teak 

( Teclona grandis Linn. f. ) is occasionally found to occupy 
south and south-east regions along Arav'allis. 

2. Semi-arid region : Some 1,600 km. across the line parallel 
to the first region. Here extreme xerophytes may occur. 

3. Arid region : Comprising western Rajasthan; is the largest area. 
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III — Climate 

Climate of Rajasthan is arid in north-west and semi-arid in south- 
east portions. On the whole temperature is high and small rainfall 
causes the evaporation to exceed precipitation considerably. As a result 
there is insufficient moisture to promote good plant growth. Degree of 
aridity and humidity are indeed the main basts to explain the vegetation 
types (Meher-Homji, 1S65). 

IV— Lithology and Soil 

Raychaudhuri et aU (1963) have given detailed description of 
Rajasthan soils. Rajasthan desert is a vast sandy plain with isolated 
hills or rock outcrops at places. Though, on the whole, the tract is 
sandy, soils improve in fertility from west and north-west to east and 
north-east. Many parts have saline or alkaline soils with unfavourable 
physical conditions and high pH value. The soils are structureless. 
Ground water is deep (Saksena et at. 1966). Soil types of Rajasthan are 
given in Text-fig. 1. 
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• According to the Survey General of India, total geographical area 
of the State is 84,576 acres; of which 3,553 is under forests, 14,833 acres 
is barren and uncultivahle land, and 3,409 acres under permanent 
pastures and other grazing lands {(/• Text-fig. 2). 



Ecoclimate of the State has carved out three vegetational zones, all 
of them along or parallel to Aravalli chain of hills : 

1. Dry deciduous forests : Mixed in nature and in which teak 

(Teclona grandis Linn. f. ) is occasionally found to occupy 
south and south-east regions along Aravallis. 
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III— Climate 

Climate of Rajasthan is arid in north-west and semi-arid in south- 
east portions. On the whole temperature is high and small rainfall 
causes the evaporation to exceed precipitation considerably. As a result 
there is insufEcient moisture to promote good plant growth. Degree of 
aridity and humidity are indeed the main basis to explain the vegetation 
types (Meher-Homji, 1965). 

IV — Lithology and Soil 

Raychaudhuri et al. (1963) have given detailed description of 
Rajasthan soils. Rajasthan desert is a vast sandy plain with isolated 
hills or rock outcrops at places. Though, on the whole, the tract is 
sandy, soils improve in fertility from west and north-west to cast and 
north-east. Many parts have saline or alkaline soils with unfavourable 
physical conditions and high pH value. The soils are structureless. 
Ground water is deep (Saksena et al. 1966). Soil types of Rajasthan are 
given in Text-fig. I . 
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■ According to the Survey General of India, total geographical area 
of the State is 8-1,576 acres; of which 3,553 is under forests, 14,833 acres 
i, barren and uncultivable land, and 3,409 acres under permanent 
pastures and other grazing lands (e/. Text-fig, 2). 



Ecoclimate of the State has carved out three vcgctational zones, all 
of them along or parallel to Aravalli chain of hills t 

1. Drj deciduous forests ; Mixed in nature and in ^vhich teak 

(Teclona grandis Linn. f. ) is occasionally found to occupy 
south and south-east regions along Aravallis. 

2. Semi-arid region : Some 1,600 km. across the line parallel 
to the first region. Here extreme xcrophytes may occur. 

3. Arid region : Comprising western Rajasthan; is the largest area. 
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Climate of Rajasthan is arid in north-west and semi-arid in south- 
east portions. On the whole temperature is high and small rainfall 
causes the evaporation to exceed precipitation considerably. As a result 
there is insufficient moisture to promote good plant growth. Degree of 
aridity and humidity are indeed the main basis to explain the vegetation 
types (Meher-Homji, 1965). 

IV~Litmolocy and Soil 

Raychaudhuri el al. (1963) have given detailed description of 
Rajasthan soils. Rajasthan desert is a vast sandy plain with isolated 
hills or rock outcrops at places. Though, on the whole, the tract is 
sandy, soils improve in fertility from west and north-west to east and 
north-east. Many parts have saline or alkaline soils svith unfavourable 
physical conditions and high pH value. The soils are structureless. 
Ground water is deep (Saksena el al. 1966). Soil types of Rajasthan are 
given in Text-fig, I . 


Pa-vdeya : Range Resource? of Rajasthan ; 109 


in India and is associated with well known breeds of cattle. Soils under- 
neath are sandy loams. Perennial grasses on such soils are : Dichanthium 
annulalum, Cenchrus eiliaris, Cenehrus seligerus^ BolAriochloa pertusa, Hitiropo- 
gon contortus and Cjnodon dactjlon. Annuals arc : Eragrostis - several 
species, Cenchrus biflorus, Aristida depresa, Daclyhctenium aegyptium and 
members of the family Cyperaceac. 

Dichanthium annulatum and Cenchrus ciliaris arc the most important 
and dominant grasses. The grasslands are under heavy to close grazing 
by cattle and sheep and exhibit all stages of deterioration from 
gradual disappearance of the perennial species to sp-irsely populated 
annual grasslands, and ultimately to almost bare soils. During the 
process, soil undergoes severe erosion. The subclimax in the semi-arid 
tract is Dichanthium annulalum and is said to gradually eliminate Cenchrus 
ciliaris. 


2. Dichanthium - Ceruhrus - Lasiurus Type 

These glasslands occur in the billy arid tract of Jodhpur (Puri, 
1960). Important perennials are : Dichanthium annulatum, Cenchrus 
ciliaris, C. seligerus, Lasiurus hirsulut, Eleusine compressa, Cynodon dactylon, 
Sporobolus pallidus, Panieum turgidum and Heteropogon contortus. Upon 
deterioration Dichanthium annulalum is suppressed and Soprobolus margina- 
tus, Cynodon dactylon and Eleusine compressa begin to appear. 

3. On Sand Danes 

In sandy arid areas, including sand dunes, sandy plains and sand 
hills, with drought and hot conditions vegetation is poor. Mobile sand 
dunes arc least covered with vegetation. Leeward sides, being steep, are 
much more bare. Growth of vegetation is more and rapid on wind- 
ward side. Pioneer plants on sand duucs are ; Calolropis procera, Lepia- 
denia spartium, Indigofera urgentia, Aerua sp- Cilrullus catocynlkes, etc. as the 
important forbs. Among grasses, Panieum turgidum and Eleusine sp. are 
little important from forage point of view. On fresh deposits of sands, 
Aristida redaefS, A. depressa and Cenchrus biforus grow svell. Upon stabi- 
lization of dunes, the species are replaced by Dactyloelenium sindicum and 
Eleusine compressa. After about 10 years of protection, Lasiurus hirsutus 
attains complete dominance for a long time. On bunds, however, 
Diekanthium annulatum grow extensively. Rahcja (1965) has divided the 
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Detailed work on the vegetation and ecology of these vcgetational 
zones is not available. The only earlier account is by Blatter and 
Hallbcrg (1918). They recognised a) Sand Communities, b) Gravel 
Communities, c) Rock Communities, d) Ruderal Communities, and 
e) Aquatic Communities in Rajasthan, 

According to Champion (1936), vegetation of Rajasthan is 
‘tropical thorny forests’ or arid scrub forests, occuring in small scattered 
patches. Density and size of patches increase from west to east, closely 
following increase in rainfall and lesser evaporation. 

Bharucha (1955) divided Rajasthan desert region in the following 
vegetation zones : 


1. Area of shifting sand dunes, as at Jaisalmcr and Bikaner, 

2. Area of established sand dunes, as near Jodhpur. 

3. Sandstone rocks covered by xerophytes like Euphorbia nerijelia. 

4. Area of halophytic vegetation. 

Common grasses in these regions are t ieprissa, Ctn;hrus 

n*Y*^*f ’ I’tfiorus, Cjnodon datljhn, Dtsmettachra bipinnala, 
Oichanlhium cnnulatum EUume indica. E. tompresso, Dact^loctcniumaegyp- 
«un, cntidotalt, P. turgldum, Sporoitlus marginstus, Sehtma 

>?• lasiurut 


VI — Range Resources 

of (I960) and Whyte (1964) have classified the grasslands 

of 20 to 30 D.r"' ®°oth-cast, scmi-arid region with annual precipitation 
(254 mm) rainf * 11 *^*’ north-tvestern plains svith less than 10' 

or ir’ G ‘ P"«ion with about 40' (1,016 mm) 

f-oo. The re ;rrr;.z;" "'“'™ "■ =-■* ““ 

A Dtchamhium - CmcAraj Type 

with j' '■’"'“leiised by xerophyiic thorny vegetation 

dominant shrubs. OtLr “"d Capparis decidua as the 

T. rilfora, Crolaltri, tardieajh,',/ '>■' T'c/'*™ia 
and CalotTobis bToctm -ru ’ ‘ occidentalism C. auriculata 

• The tract has some of the best types of grasses 
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in India and is associated with ss*ell kaowQ breeds of cattle. Soils under- 
neath are sandy loams. Perennial grasses on such soils are ; Dickanthium 
annulatum, Cenchrxis cUiaris, Cenchrus setigerus, Bothriockloa perlusa, Heleropo- 
gon coniOTlus and Cjnodon dactjlon. Annuals are: Eragrostis - several 
species, Cenchrus hijlarus, Arhtida depresa, Dactyloetenium aegypiium and 
members of the family Cyperaceac. 

Dkhanthiurn annulalum and Cenchrus ciliaris are the most important 
and dominant grasses. The grasslands are under heavy to close grazing 
by cattle and sheep and exhibit all stages of deterioration from 
gradual disappearance of the perennial species to sparsely populated 
annual grasslands, and ultimately to almost bare soils. During the 
process, soil undergoes severe erosion. The subclimax in the semi-arid 
tract is Dickanthium annulalum and is said to gradually eliminate Cenchrus 
ciliaris- 


2. Dickanthium - Cenchrus • Lojiurw Type 

These glasslands occur in the hilly arid tract of Jodhpur (Puri, 
I960). Important perennials are : Dichanlhiam annalatum, Cenekrus 
ciliaris, C. setigerus, Lasiurus hirsutus, Eleastne compressa, Cynodon dactylon, 
Sporoholus pallidus, Panieum lurgidum and Heleropogon contortus. Upon 
deterioration Dickanthium annutatum is suppressed and Soprabotus margiBa- 
tus, Cynodon dactylon and Eleusine compressa begin to appear. 

3, On Sand Dunes 

In sandy arid areas, including sand dunes, sandy plains and sand 
hills, with drought and hot conditions vegetation is poor. Mobile sand 
dunes are least covered with vegetation. Leeward sides, being steep, are 
much more bare. Growth of vegetation is more and rapid on wind- 
ward side. Pioneer plants on sand dunes arc ; CaloUopis procera, Lepia^ 
denia spartium, Indigofera urgentta, Aerua sp. Cxtrullus eatoeynthes, etc. as the 
important forfas. Among grasses, Panieum lurgidum and Eleusine sp. are 
little important from forage point of view. On fresh deposits of sands, 
Atistida redacts, A. depressa and CoirAras bifionis grow well. Upon stabi- 
lization of dunes, the species are replaced by Dactylacienium sindieam and 
Eleusine compressa. After about 10 years of protection, Lasiurus hirsutus 
attains complete dominance for a long time. On bunds, however, 
Diekanlhium annulalum grows extensively. Rahcja (1965) has divided the 
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Detailed work on the vegetation and ecology of these vegetational 
zones is not available. The only earlier account is by Blatter and 
Hallberg (1918). They recognised a) Sand Communities, b) Gravel 
Communities, c) Rock Communities, d) Ruderal Communities, and 
e) Aquatic Communities in Rajasthan. 

According to Champion (1936), vegetation of Rajasthan is 
‘tropical thorny forests’ or arid scrub forests, occuring in small scattered 
patches. Density and size of patches increase from west to east, closely 
following increase in rainfall and lesser evaporation. 

Bharucha (1955) divided Rajasthan desert region in the following 
vegetation zones : 

1. Area of shifting sand dunes, as at Jaisalmer and Bikaner. 

2. Area of established sand dunes, as near Jodhpur. 

3. Sandstone rocks covered by xerophytes like Euphorbia nerifolla- 

4. Area of halophytic vegetation. 

Common grasses in these regions are : Arislida deprasa, Cmhm 
cUtaris, C. seligtrus, C. bifiorus, Cjnodon dactjrlon, Desmostaehya bipinnata, 
irAantAiam anau/dtum £/fujinr fWiftf, E. eompressa, Dactyleeteniumaegyp- 
ham, Panltum anlidotaU, P. turgtdum, Spotobolut Tnarginatus, Sthima 
nmosum, Eragrostis sp,, Sacchartm spontaneum, S. bengaltnst, Lanurut 
hiTsulus, etc. 


VI— -Range Resources 

Dabadghao (1960) and Whyle (1964) have classiBed thn grassland 
ajast an on rainfall basis. Three zones are recognised by therr 
of 20 ftn south-east, semi-arid region with annual prccipltatio 

t9‘4d rr, 4 tiorih-western plains with less than 1 

of rain” •onh-cast portion with about 40' (1,016 m 

fartor ‘communities vary in relation to topography and < 

factor. The regions arc as follows : 

1- Diehanihium - Ctnchrus Type 

with by xerophytic thorny vcgei 

dominant ZZ’. oZ^ZZ"""’ 

r f , . consists of r./,4r«riap« 

and 7 "'■'■‘W"'-. C- C..,i. ..cidmaU., C. 

Cal.:,.p„ The tract has some of the best t;pc, of 
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Under salinity at Pachbhadra, Sanwarla, Kanod, Biramsar, etc. 
halophytic plants are Hahxjhn salicorniaim, Suaeda fruticosa, 
simplex, AtripUx sp. and Tamarix dioica. Conspicuous grasses are Aeluropus 
lagopoides, Sporobolus marginata and Eleusine compressa. 

Ecological distribution of natural fodder grasses of western 
Rajasthan has been described byPrakash and Nanda (1961) on the basis 
of trends in succession and habitat types. 

For the first time in Rajasthan, studies on differentgrazingand range 
management practices were initiated in 1959 by the Central Arid Zone 
Research Institute, Jodhpur, in order to rehabilitate the existing grass- 
lands ( Prakash and Ahuja, 1964). The investigations include an 
assessment of development of soil types under varying environs and 
being subjected to different intensities of grazing. For the study, 52 
paddocks (each of 60 to 80 ha area) spread over ten districts of western 
Rajasthan and representing different soil types and rainfall zones be- 
longing to various condition classes were chosen. Bach paddock was sub- 
divided into 4 or 6 compartments, and ‘deferred’ or ‘deferred rotational’ 
grazing was introduced. Depending upon the predominant perennial 
or annual grass species, these paddocks were grouped into four range 
condition classes, viz. excellent, good, fair and poor. These classes 
were grouped into 2 rainfall regimes : (a) high rainfall zone (above 380 
mm) and (b) low rainfall zone ( less than 380 mm ), and were further 
divided into two main soil types (i) Light, and (ii) Heavy soils. The 
results show that the percentage of high perennials was higher in the 
grasslands classified as excellent or good (varying from 4.7 to 9.6 per 
cent according to rainfall), very Jow iu grasslands classified as poor 
(varying from 0.4 to 1.4 per cent) and in between in fair grasslands 
(varying from 0.6 to 2.8 per cent). 

Interesting results were obtained on grazing capacity studies at 
Pali near Jodhpur by the Central Arid Zone Research Institute, Jodhpur, 
during 1957-60 (Das et al., 1963). Initially the grasslands were in poor 
condition and dominated by Arislida sp. During the experimental 
period, rainfall conditions were subnormal, normal and above normal 
respectively in the three years. 

Mature Marwari wethers were grazed at 3.7, 6.5 and 8.1 shcep/ha 
in three successive years, respectively, on degraded pasture (dominated 
by Arislida sp., but bearing Cenehm, Eleusine compressa and palatable 
shrub — ^i^phus nummularia) so as to give about 70% utilization. Over 
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State into four microclimatic regions or zones, six climax vegetation 
types and six grassland types within the climax vegetation types. 

Zone /-Sub-humid : At Mt. Abu with annual rainfall exceeding 
1,200 mm. Climax vegetation is Mitragyna-Anogeissus type. Chief 
grasses are : Pennisttum hohenacketi, Eulalia Irispicta, Themeda quadrivaUis, 
T. triandra, Dickanlkium onnulatum, Setaria glauca, Panicum maximum and 
Arthraxon hisptdus. 

Zone II — Semi-arid : Eastern Rajasthan, with annual rainfall 
above 800 mm at Banswara and Baran regions, has teak (Tectona grandis) 
as the dominant species. Main grasses are Themeda triandra, Pseudanthis- 
tiria htteroelita and Heteropogon eonlortus. 

Zone i/B— With rainfall of 400 to 800 mm and reasonably good 
soil Anogeissus pendula is the dominant tree. The common grasses of the 
zone are : Bothriochloa pertusa, Diehantkium onnulatum, Cjimbopogon 
jwaraneusa, C. marlmi, Chrysopogon fulvus, Sehima nervosum, Digitoria 
adseendens, Setaria glauca and Daclylocttmum aegyptium. 

Zone ///—Ajmer, Pali and Sirohi to the west of Aravallis upto 
Jodhpur with annual rainfall of 450 to 500 mm forms the transition 
Zone in where the elements of eastern and western Rajasthan occur in 
association with each other. Here the vegetation gets thinner. Principal 
trees are Anogeissus pendula, Acacia Senegal, A. leueophloa, Prosopis specigera, 
Teeomella,^ Sahadora, Balanites, etc. The grasses are : Lasiurus kirsulus, 
Dichanlhuim onnulatum, Daclyloelenium sindicum, Cymbopogon jwaraneusa, 
nstida kirtigluma, Melanocenchris jacquemonlii, Bragroslis ciViariV and Bra- 
chiaria reptans. 

r A 0" the extreme north-west, comprising Jaisalmer, 

^ ra oad, part of Barmer and part of Ganganagar, has annual 
rainfall of less than 200 mm and that too is very erratic. The zone is 
very sandy. There is paucity of species and only few can be observed 
ottmg t e landscape at considerable intervals. Notable among them 
t ^ ^P^oigera, Acacia Senegal, A. leueophloa and T eWinella undulata 
fj-j opts, Capparts, Lycium, Calligonum, Euphorbia neriifolia, Aerua, etc. 

C h hirsutus, Eleusine eompressa, Cymbopogon jwaranousa, 

« ^oyleana, A. hirttgluma. A, mutabilis and Melanocenchris 
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3. Hesources swzey of Xokha and Roda tillages in Bikaner district 
(Shankaranarayan, Pandcy and Dhnivanarayan> 1965) 

Surface and ground water resources, soils and soil erosion arc des* 
cribed. The climate is arid, characterised by high temperature and 
erratic rains. The vegetation consists of open community of widely 
scattered trees of ^izyphus nammuiarta with sparse shrub cover and a 
seasonal growth of grassess and other herbs. Vcgctational cover is 2.1% 
and the survey revealed the existence of Dactjcloetenium sindicum^Lasiurus 
sindicus community. The present grasslands obtain 38 points and fall 
under poor range class. The main land-capability classes arc IV, IV 
and V. There is no definite relationship between present land use and 
capability classes. 

4. Forage potentials of jfahre (Gupta and Saxena, 1966) 

Grassland types differ on different micro-geomorphic units. On 

hills Sehima ntrcosum-Hackelochloa-Bothriochloa; and on piedmont slopes 
and foot hills Diekanthium-EragrostU-Aristida are the main grassland 
types; and on plains Panicum turgidum is (he important grass. Basal 
cover of each grassland type was calculated by transect method. 
Air dry matter yield and average height of 22 grasses are given. 

Findings on regional vegetations of Rajasthan are abstracted in 
Table 1. 


VIII — Other Fodder 

Besides grasses, Rajasthan has and can grow other species as 
fodder too : 

1. Sinha and Dcy (1956) have shown the suitability of the follow- 
ing legumes which can be grown in Rajasthan with profit ; 
Pueraria phsseoloides, P. hirsute, Stizolobium cochinckinensis, G/iri- 
cidia naculata, Melilolus alba vat. annua. Glycine jovemea, Centro^ 
snna pubescens, Ltucaena glauca, 7’ri/ih'uw rr/rns var. ladino, T. 
iTtrarnctum, T. hybridum, Alysiearpus vaginalis, Mtdicago hisptda 
and Lotus eorniculalus. 

2. Turnip and fodder beet grown under irrigation on sandy soil in 
semi-arid regions of Rajasthan during winters yielded 225-260 
kg. of green matter/ha, which is more than from other fodder 
crops in the area (PatH and Krishna Rao, 1964). 
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the three years, Aristida sp., decreased from 71 to 55% and E. compressa 
and Cenchrus species increased by 8 and 5.5% to 27 and 11% respectively. 
Number of annual species decreased. Density of plant cover increased 
from 10 to 28%. Aristida species was grazed only after their awns 
dropped. Other species mentioned above were grazed fully until seed 
formation, when only the seeds were picked. Z- nummularia was grazed 
predominantly. Animals maintained their weights with seasonal varia- 
tions. Average wool production was 100 g/hcad/yr. Over the whole 
grazing period {259-324 days) the animals gained 0.5 to 1.2 kg/head. 
Average grazing capacity was calculated at 6.17 wethers/ha ( with 70% 
utilization ); for long-term maintenance, however, grazing capacity is 
considered at 2.5 wclhers/ha. 


VII— Regional Studies on Grazing Resources 
i. Grassland communities of Alwar (Vyas, 1964) 

Following communities have been recognised on the respective 
habitat types : 

i) Bolhrioekloa^Aristida 

ii) Heteropogon-Chrysopogon 

iii) Hichantktum-Cenekrus 

iv) Dcndroealamus-Saceharum-Vtlmria 
V) Ctnchrus-Eragrostis^Dichanlhium 

vi) Diehanthium-Cynodon 

vii) Sacchatum-Cynodon-Eragroslis 

viii) Atlhraxon-Vtlivtria 


Dry hills 
Hill slopes 

Rocky mixed substrata 
Moist valleys 
Sandy plains 
Sandy loam plains 
Sandy river bed 
Marshy places 


r luni bastn (Shankarnarayan and Satya- 


2. Grassland typts of t 
narayan, 1964) 

Five gra„la„d lype, have been recognised : 

ma Dichantkium Characteristic of heavier soils 


b) Cenchrus setigerus 

c) Eleustne compressa 

d) Cynodon daclylon 


On sandy loams 
On lighter soils 

On light to medium soils under 
irrigated conditions 
On skeletal and inhospitable soils 
optimum'^smgl maintained in their 


e) Aristida 
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3. Resources survey of Kokha and Roda villages in Bikaner district 
(Shankaranarayan, Pandey and Dhruvanarayan, 1965) 

Surface and ground water resources, soils and soil erosion are des- 
cribed. The climate is arid, characterised by high temperature and 
erratic rains. The vegetation consists of open community of widely 
scattered trees of ^izjphus nummularia with sparse shrub cover and a 
seasonal growth of grassess and other herbs. Vcgctational cover is 2.1% 
and the survey revealed the existence of Dactjcloctenium sindicum-Lasiurus 
sindicus community. The present grasslands obtain SB points and fall 
under poor range class. TTie main land-capability classes are IV, IV 
and V. There is no definite relationship between present land use and 
capability classes. 

4. Forage poleniials cjjalore (Gupta and Saxena, 1966) 

Grassland types differ on different micro-geomorphic units. On 

hills Sekima neroosum'Haekehekloa-Bolhriochha; and on piedmont slopes 
and foot hills Diehanthium-Era^rostis'Aristida are the main grassland 
types; and on plains Panicum turgidum is the important grass. Basal 
cover of each grassland type svas calculated by transect method. 
Air dry matter yield and average height of 22 grasses are given. 

Findings on regional vegetations of Rajasthan are abstracted in 
Tabic I. 


VIII— Other Fodder 

Besides grasses, Rajasthan has and can grow other species as 
fodder too : 

1 . Sinha and Dcy (1956) have shown the suitability of the follow- 
ing legumes which can be grown in Rajasthan with profit : 
Pueraria phsseoloides, P, hirsuta, Stizolobium cochinckinensis, Gliri- 
cidia maculata, Melilotus alba var. annua, CCjeine javaniea, Centro- 
sema puhescens, Leueaena gtauca, Trijolium repens vzr. ladino,T. 
incarnatum, T. hybridum, Alysicarpus vaginalis, Medicago hispida 
and Lotus cornicvlatus, 

2. Turnip and fodder beet groivn underirrigatioaonsandysoilin 
semi-arid regions of Rajasthan during winters yielded 225-260 
kg. of green maiter/ha, which is more than from other fodder 
crops in the area (Patil and Krishna Rao, 1964). 
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3. Herbaceous wild forms : 

a) Al^-stcarpus ruge:us, A. hngifolius, Initgojera gUniulosa, /. 
cordtfolia, I. tini/olif, HejlanJia laltbrosa (all found in 
Rajasthan) are suitable fodder plants for drier regions. 
All these legumes deferred roUlional graeing and seedling 
{Patil. 1957). 

b) Aly:iearp\u rugosus and $e\-eral other species of the genus are 
capable of growing in association with valuable forage 
grasses. 

c) Bckaria (Jndigofna inneapkylla) sheep grass is suitable for 
cast Rajasthan (Patil. 1966). It is a perennial legume 
growing abundarjtly, on dry sandy overgrazed rangelands. 
It is palatable, has a prostrate growth habit, suitable for 
grazing by sheep and is prolific reed producer. It has a 
deep tap-root, thrives under grazing and competes well 
with annuals. 

d) Gandhi tt al. (1966) have chemically analysed the plants of 
Crotalaria ntiduaginen, a common monsoonlc herb of drier 
regions and used as fodder for camels. It shows a presence 
of upto 0.2% of a N-oxidc base. The base occurs in a 
form which is less toxic than eastern form. 

4. The phyllocbdcs and fruits of the xerophy tic shrub CaUigonum 
poljgonoidts arc used as fodder, reports Shakiawat (1961) from 
Bikaner. The shrub also checks soils erosion. 

5. Results of Patel and Patel (1957) ors fodder value of tree and 
vegetable leaves, suggest to harvest leaves of the following 
species as feed for cattle during winters : Milia azadlrackla and 
Tam jn'n<fus ini/ira have best nutrient content. Leaves of vines 
of some vegetable crops like Crotefarta juncea, Ricinus eofumuaJf, 
and Ipmea batata have high protein, calcium and POj during 
winters and could replace concentrates. 

6. Rchar (1963), Ganguli ft al. (1964), Whyte (1964) and Nanda 
(1967) have discussed the importance of top-feed species in 
supplementing livestock requirements in the arid regions. 
Prosopis spicigita and Z^Vpbus nvmmularia are classed as best 
top-feeds for cattle sheep and camels in arid Rajasthan, on 
the basis of their availability, palatability and nutritive value. 
They stand lopping. According to Ganguli et al. (1964) a 
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mlddle*sized mature tree of Prosopis spicigera yields about 45 kg 
of dry leaf forage (or loong). Likewise plants of ^iyrphus 
nummularia growing in medium density (14%) at Jodhpur yields 
125 kg of fodder per ha. 

IX — Forage Production 

It is best to manage and maintain natural grasslands. For 
example in Saurashtra maximum yield of air dry forage in a reserved 
(fenced) plot was 3900 3b/ac and in grazed area it was only 570 Ib/ac 
(Albertson, 1958). Likewise, Dabadghao (1954) has made some field 
trial in natural grasslands. 

Raheja and Chopra (1959) have recommended the introduction of 
fodder crops into mixed farming creating fodder reserves and improving 
grassland. Recently Raheja (1966) has given exhaustive information 
for cultivating fodder crops and grasses, both during kharif and 
seasons together with their yields on dry matter basis. Jain and Bohra 
(1966) and Chakravarty el at. (1966) have given some pasture establi- 
shment techniques. Many workers have pleaded for grass/legume 
mixtures for better yield. Thus Stitt (1958), Guha and Pandey (I960), 
Miira and Das (1963) and Davies (1965) have shown that the mixtures 
arc good for pastures. 

Response of desert grasses to fertilizer treatments is an interesting 
subject. Under Central Arid Zone Research Institute, at Central 
Research Farm, Jodhpur, four trials with 10 fertilizer treatments on 
Lasiurus sindicus, Cenekrus eiliarir, Cenchrus itligerus and Panicum antidotale 
were conducted over a period of five years. Grasses ^vere established 
in the farm in 1958 and fertilizers applied in 1959. Results are 
presented by Dabadghao et al. (1965). The forage yield, which varied 
both with the type of fertilizer and the species, was very slightly higher 
in some treatment in some years. In some cases the growth under 
control was superior. 

A profit and loss account of manuring has also been worked out 
by the authors from the forage production data on the basis of cost of 
fertilizers applied and the extra cost of forage obtained as a result of 
fertilizer application. The profit and loss account indicates that none of 
the grasses could show an oceratl profit from any fertilizer y According to the 
authors (loc. cit.), this may be due to two causes, viz. poor precipitation, 
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which might have acted as a limiting factor to the growth of plants 
and the set back to proper utilization of the fertilizer, and secondly due 
to application of fertilizers in small doses. 

X — Ecology of Grass Species 

Ecological studies on the native rangelands have revealed that 
intensity of rainfall and the soil type greatly induence the distribution of 
perennial grasses. Lasiurus sindievs is mainly confined to sandy soils 
and sand dunes in regions receiving a mean annual rainfall of 250- 
400 mm. Ctnekrus eiliaris and C. sthgerus occur on deep soils In regions 
receiving rainfall upto 250 mm and on a variety of soils in regions of 
higher rainfall. Dickanthium annuhtum is confined to depressions in the 
low rainfall region (250*400 mm) and is more extensively distributed in 
regions where the rainfall is 400 mm and above (Kaul and Chakravarty, 
1968). 


I. Root SludUt 

Root ecology of some promising desert grasses of Rajasthan was 
worked out by Dabadghao <l at. (1962-63). In a study of roots of 9 
to 19 months old plants of Laiturus hirsutut, Ctnchrut tiUaris, C. stligtTUS, 
Panicum antiditale and Dickanthium annulatum the number of roots in- 
creased with age. C. eiliarif and L. kirsutus sliowcd greatest percentage 
increase. 

Recently, Chakravarty and Racier (1967) have given the effect of 
spacing and cutting on root development of some promising desert 
grasses and legumes. Root elongation as well as development of fibrous 
roots in Lanurus sindicus suffered due to cutting and closer spacing treat- 
ments. In Cenchrus eiliaris these tieatmcnts checked the root elongation 
ut encouraged development of fibrous roots. Root nodulation of arid 
zone legumes has been studied by Satyanarayan and Gaur (1965). 

2. Cjtology of Grasses 

Chromosome number, geographical distribution and taxonomy of 

Dickantkium^ annulatum were studied by Mchra (1961). Cytologically and 
morphologically he has distinguished varieties in the species. He (1963) 
has also distinguished and differentiated cultivated and wild EUusine 
species into 4 distinct taxa : E. indica, E. coracana. Afro-asiatic types and 
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African Highland type, and E. ofricana, F.S. 

On the basts of embryological studies Syndcr et al. (1955) has 
described the mechanism of apombeis in Penniselunt dliare (Cenchrus 
dliuris). Embryolog)' of Elemint indica and Dactyhetenium aesjplium is 
also woried out (Chandra, 1968). 

Histology of some desert grasses (Cmchrus biprus, C-prieuri, Cynodon 
dactylon and Saceharum mvnja^ S. btngalense) was investigated by Mulay 
and Saluja (1957). 


5. Crazing Sladtes 

The problem of pressure of grazing on native pastures in Rajasthan 
is indeed severe (Kumar, 1952). The destruction of vegetation by 
animals has been discussed, among others, by Prabash (1959). Effect of 
animal factor on soil conservation has been elucidated byBhimaya (1961), 
Bhimaya r/ «/. (1961) have given the total impact of human factor in 
relation to trees and shrubs in arid Rajasthan. Excessive grazing, cutting 
and burning has done very great barm, not only to plants but also to 
soil. 


4. Grasslands and Soil Constroalion 

High evapotranspiration, and consequently very low effective 
precipitation, and severe grazing during the short vegetal growth has 
brought in extension soil erosion in Rajasthan. Indeed vegetation alone 
can check erosion and conserve soil. 

Brief notes on some grasses and legumes useful for soil conservation 
in India were given by Dabadghao (1954). That the misuse of the 
grassland and fodder resources is the most important factor contributing 
to erosion in India is discussed by Whyte (1935). By removal of vegeta- 
tion excessive runoff occurs leading to rapid erosion. He has suggested 
mixed farming under irrigation and rotational grazing of native pastures 
(see also Madan tt at., i960). 

Satyanarayan (1958) has given a review account of indigenous 
species in the stabilization of sand duaes in Rajasthan. The examples 
given are to function both as sand binders and fodder plants. Consider- 
ing leguminous crops sown at different seed rates. 

Gupta (1966) discussed causes of erosion in the arid regions and 
reviewed measures of conservation. Latter includes reduction in livestock 
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pressure, development of forage resources and sand dune stabilization. 
Information is also given on the botanical composition of rangelands 
particularly on species of forage value. 

The pros and cons of wind-break along the west and north-west 
frontiers of India, recommended in 1954, to consist of a belt of trees 400 
miles (656 km) long and 5 miles (8.2 km) wide are discussed by Singh 
(1957). Trees 60 ft. (18 m) high would give protection from the wester- 
ly winds for a distance of only 1,200 ft. (360 m). Similar recommenda- 
tion of shelter belts to check erosion is given by Prakash (1959). Some 
afforestation problems and research needs in relation to erosion control 
in arid and semi-arid areas arc discussed by Bhimaya and Kaul (1960), 
and Kaul and GanguU (1964). Further, an appraisal of technique of 
plantation of windbreak in the mechanised form has been given by 
Bhimaya and Choudhary (1961). Rahcja (1963) concludes that Prmpis 
]uifloTa, Albiziia Uhbtk, Tamarix artitulala and Azadirochta indica arc the 
suitable species for shelter belts on sand dunes. The tree belt should be 
13m wide interspersed with 60m wide grass strips. Raheja (1964) has also 
given land transformation plan of Central Lunl Basin in W. Rajasthan. 

imaya ri el. (1963) have given species suitable for nfTorestation of 
■r, habitats of Rajasthan; root system of four desert tree 

nofin ^«"««died (Bhimaya and Kaul, 1965). Kaul tl cl. 

importance of micro-relief in development of 
Ncgetation in arid zone. 

cffiriMr, ®hima)a tt al. (1966) have described the economics and 

Raia tb for soil conservation in western 

coMrol. °Dry'’zoT ““ff ."SS'sKd strip cropping for erosion 

s.o.„orised by Wohr 

soil moish tthemical ontitranspirant which may be used in aid to 
m„, stores cooserva.ioo is disemtsed by Lohiri (1966). 

XI— Co^CLU5IONS AND ReCOMMENDATIO.VS 

CCS of i^oregoing review it would be clear that the range resour- 

Theio.tp“:.U°::eoTc-‘ 


pressure and climatic hazards is respon- 
urgent need to maintain the grasslands 
minimising the former. Indeed a four 


sible for it. Henr^ • 

under the existing climate’ by" 
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point programme has been just suggested by Mukhtar Singh (1968) for 
management of grasslands in Rajasthan. They are : 

1. Fencing or exclosing the grasslands from grazing. 

2. Weed control to eradicate useless forbs from the fenced grasslands. 

3. Light dressing of feriillzcr to improve the productivity of grasslands. 

4. To introduce superior grasses and suitable legumes by reseeding. 

While the writer agrees with these proposals in principle, some- 
thing remains to be added ; 

i) As discussed earlier, application of fertilizers in natural, grass- 
lands will not be beneheial in arid zones of India. 

ii) Any superior species exotic to arid climate in no way can fare 
better than the local types, which have been well adapted to the regional 
conditions. 

iii) The unpalatable forbs may not be removed by any practice. 
For, these would be the plants that will ultimately make the soil and 
improve water holding capacity. 

It is certain that in India status of grasslands is due to anthropo- 
genic pressure, upon removal of woody vegetation. When degraded 
and overgrazed areas are fenced, secondary succession follows a certain 
sequence depending on the condition of the site. At every step water 
holding capacity of soil increases (Pandeya, 1951-52); annuals are 
replaced by perennials, and then only, woody vegetation shall start 
coming up. Eradication of unpalatable forbs will create imbalance, 
because palatable grasses may not dominate in the initial stage. Best 
would be to keep these fenced areas as bay plots and harvest them every 
year after monsoon, removing the unpalatable part from the harvest. 
IVithin 2-3 years of such practice, the area will have good grass growth. 

iv) A full programme should be immediately undertaken to study 
the potentials of grasslands and woodlands of Rajasthan. Both primary 
and secondary productivity must be known. This has to be done on 
international standards, i.e. on oven-dry basis/unit area/unii time, and 
under no biotic disturbance. Thus the data will be in line with the 
International Biological Programme. Once productivity potentials arc 
known, efforts can be made to produce that much by mere fencing the 
area. 

Hence, the writer proposes the following steps for grassland 
management in Rajasthan : 

1. Immediate fencing of all available areas. 
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2. Study of productivity potentials and trends in succession in 
representative areas. 

3. Harvest of hay every post-monsoon and stocking the harvest 
after removing unpalatable forms. 

4. Not permitting animals to graxc in any field. 

5. Creation of grass banks. 

6. Reseeding by indegenous grasses. 


XII — Summary 

According to the figures compiled by Whyte (1964), total cattle in 
Rajasthan in 1956 was 12,072,713 and the number was steadily rising. 
In contrast to this, grassland productivity of Rajasthan is low, and the 
balance sheet is on negative side. Grasslands come up in the area only 
during the short monsoon season, and arc so maintained due to anthro- 
pogenic pressure. Mainly due to arid and semi-arid biocHmate, grass- 
lands in the tract are generally not dense. Most of the grasslands are 
overgratcd and lose their green loUagc by the month of October. 
Extensive trials are being made to grow forage plants. 

The dominant natural grasses are perennials, which remain leafless 
for greater part of an year, e.g., Dichanthtum annulatum, Cenckrus ciliaTts, 
C, stiigerus, C^nodon dsetylon, EHomtus hirsulus, Hettropogon contortus, etc. 
Annuals include Cenckrus hifiorus, several species of Eragrostis, DuetylotU- 
Rtum species of jlnstWa, ^porobolus, Chloris and £2eustne, etc. 

The review describes the range resources of Rajasthan under the 
following heads : 

1. The grass cover 

2. Important grasses and their drought resistence 

3. Forage production, nutritive status and seed output of some 
promising grasses and legumes 

4. Ecology of grassland and grass species 

5. Grassland climatology 

6. Improvement of grassland and other fodder crops 
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S C. Pandeya ; They behave true. There ii no diSerenee in the 3 generations we have 
studied. 

A.K. Chakravarty ; The author used the term ‘genotype’ in classifying the different 
ecotypes of Cenchrut ciliaris without having made any breeding on this species. ^VilI he 
please justify the use of the term in the context of mendelian hypothesis ? 

S C. Pandeya : 'Genotype' is a perfect word to be used more so when Centhrus eiliaris 
is established as obligate apomictic form. Hence there is no question of cross breeding. 
Refer Turesson (1927). 

hl.N. Tiwari ; Have you not studied chromosome morphology ai meiosis ? 

S.C. Pandeya : Yes, meiosis application stage was analysed. 
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GRASSES AND GRASSLANDS : THEIR DISTRIBUTION 
AND UTILIZATION IN RAJASTHAN 


By 

P.C. Nan*da and K.M. Gupta* 

Central Arid ^ane Research Institute, Jodhpur 
and 

Unitasity of Jodhpur, Jodhpur 
(With 2 Tabic*) 

1 — ISTRODCCTION 

On account of wide variety, pattern of distribution and multi- 
farious uses of the grasses an attempt has been made in the present 
paper to describe their distribution in major climatic tracts of the 
Rajasthan State. The grassland t^pesofdiflerent land-forms constituting 
each of these climatic tracts have also been described. 

1. Region 

Rajasthan is an irregular rhombus with east-west and north-south 
lines as diagonals. It lies betuecn 25^5' and 30^12' north latitude and 
69®30' and 78°17'cast longitude covering an area of 3,48,861 square 
kilometres. The north western part of the State forms the eastern 
extremity of the north tropical desert belt which extends from the 
Atlantic coast of Africa through Sahara, part of Arabia, South Persia 
to Baluchistan. If we move from north-west to north-east the land 
and climate improve from arid sandy desert to fertile semi-arid and 
sub-humid tracts. The Mt. Abu region represents the humid climate 
tract. 

2. Relief 

There is a wide variation in relief in the State. From area with 
less than 30 m above ^1,S.L. relief in the vicinity of Rann of Kutch in 
the west, it gradually increases towards the cast with the highest point 
(1,694 m above M.S.L.1 at Mu Abu. Topography in the western 
Rajasthan ranges between 30 to 350 m abo\’C M.S.L. In general these 
are plains with a cover of sand interspersed by sand dunes, plateau. 
“f'uttti : J«l Vvtu, SB M*Tor, AiM»r Cste. Ajajfr 
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the forage produced consists of inferior grass species like Arislida and a 
few edible legumes. In addition, a large number of non-edible weeds, 
viz., Crolalaria burhia, Teprssia purpurea, Aerca pseudo-tomintosa, etc., also 
come up and compete with the grass species for moisture and nutrients. 
In addition to protection, weed control and reseeding with palatable, 
nutritious and high forage jlcltlmg perennial grass species arc, therefore, 
important for increasing the productivity of the rangelands. Studies on 
reseeding have revealed that reseeding alone incre.TScd forage production 
by 60 per cent and the cost-benefit ratio of the reseeded pastures worked 
out to I. 

Gmzing management .according to the carrying capacity of the 
rangelands is also important to maintain their productivity. Crazing 
studies with heifers conducted in the rocky range of low productivity 
at Kailana (near Jodhpur) revealed that light intensity grazing (fi ha per 
cattle) allowed 60 per cent utilization of the vegetation consistent with 
animal growth and range conservation. Further studies have shown 
that poor condition natural rangelands at Pali could sustain one sheep 
per 2.5 ha, whereas sown pastures of Ctnckrus eiliaris could support 
7.6 sheep per ha. without imp.nrlng the rangcl.mds. 
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of the vegetation type, however, is influenced to different degrees by 
biotic disturbances. This can be observed in various progressive and 
retrogressive stages in the State depending upon the degree of abuse. 
Dabadgbao (1960) has suggested one grassland type, viz. Dichanthium - 
Cenchius - EljonuTus type for the entire State. He has not taken into 
consideration the ecological amplitude of the key species which are 
directly influenced by climatic regions, landscape and other edaphic 
factors. Rahcja and Sen (1964) have based their 12 grassland types 
only on micro-climatic tracts. They have not recognised the effect of 
landscape and cdaphic factors which have a direct bearing on the dis- 
tribution of grassland types. Shankarnarayan and Satyanarayan (1964) 
have described five grassland types for alluvial fiats. Prakash and 
Kaiida (1961) have described the progressive and retrogressive grassland 
land communities on three eco‘systems and one sub-ecosystem of u-estern 
Rajasthan. In (he current investigation the effect of climate, physio- 
graphic features, soil and other edaphic characteristic on the protected 
grassland resen-es has been studied. Based on these studies twenty- 
two grassland types have been established for the entire State. The 
major grassland types and the associated tree species with respect to 
habitat and climatic tracts are shown in Table 1, 

II— Matersal and Method 

The study of the differences in the structure of the grassland types 
occupying varied habitats in the different climatic regions has been made 
in two different ways. 

i) Listing and classification of the different grass species as they 
occur in each climatic region. 

ii) The sociological interrelationship of the grass species on specific 
habitat within each micro-climatic region has been studied by 
the modified adaptation of step point method of Costailo and 
Schwan (1946) and the loop method of Parker (1954). 

The forage production has been estimated fay cutting randomly 
laid ten 3m X 3m quadrats and air drying the grass for 15 days. After 
cutting the grass ocular estimation of total ground cover was also noted. 
The soil analysis has been done by rapid testing methods as described 
by Piper (1950). The soil characteristics of each grassland type are 
presented in Table 2. 
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bosses of granite rhyolite and many depressions where the streams are 
internal and misfits. On the eastern fringe the desert is scraped by 
typical Aravalli landscape of parallely arranged hills rising to a height 
of 1500 m above M.S.L. at Mount Abu. The Aravallis also stretch 
towards Udaipur where they attain a height of 1050-1200 m above 
M.S.L. The districts of Kota. Bundi, Chittorgarh and Bhilwara 
constitute the plateau region. The rest of the area extending east of 
Aravallis in the districts of Jaipur, Alvvar, Bharatpur, Ajmer, Sawai 
Madhopur and Tonk is largely an alluvial plain. 

3, Enoironment 


The climate in major part of the Stale is characterised by low 
and erratic annual rainfall, high potential evaporation and great 
extremes of temperature. The diurnal variation of temperature is 
pnerally sudden and great. The entire State, except at Mount Abu, 
is exposed to strong winds. The climate is strongly monsoonal with 
rainy season from July to October. The State can be divided into five 
climatic tracts based on the Thornthwaite (1948) empirical formula. 


4. Soils 


Very little scientific information is available on the composition 
and characteristics of grassland soils of Rajasthan. The soils of 
Rajasthan State have been grouped into thirteen soil associations by 
oy and Sen (1968). They have discussed the properties of each type 
m detail. However, some of the soil properties of the main grassland 
types have been described in Table 2 for ready reference. 


5. Land-Forms 

and fixing grassland types, each climatic region 
graphkffclorf land-forms based on cdaphic and physio- 


Vegetation 

m'lh.' h'”"™ State has five major division 

gtass species di»ib«Uo„ of dominant tree an, 

Btaphic feature, n 'ype, is controlled by the physic 

cures, eharac, eristics and other edaphic featores. Eacl 
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in the scmi»arid zone. Further eastwards in the sub-humid zone this 
land-form supports DUkanlkium annulalam and Eremopogon Joveolatus type. 
However, in the humid zone at Mount Abu Dickanthium annulalum is 
replaced by Bolhriochloa pertusa and it forms a characteristic community 
with Arundinetla pumila and Aithraxon spp. 

The saline depressions, where the grasses arc subjected to both 
physical and physiological drought, support Sporoholus marginatus-DesmO’ 
stachya bipinnaia type in extremely arid tracts. In semi-arid tract this 
type changes to Sporobolus marginatus, S. helcolus, S. coromandelianus and 
Eckinockloa cotonum type. Associated with this type IseiUma prostratum 
forms distinct colonies in depressions where moisture remains accumu- 
late and Sekima isekaemoides forms colonics on well drained shallow 
soils. In the sub-humid tract, however, the main type remains the 
same but Iteilema prostralum Is replaced by /. laxum and PaspalU 
dium Jlavidum. Sehma ischaemoidts gets eliminated from the community. 
However, Isckatmum spp. are observed in small patches. 

Most of the seasonal streams in the extremely arid tract drain in 
saline depressions (Ranns) and hence the grassland type virtually is 
similar to that of saline depressions. In the transitional and semi-arid 
tract the riverian land-form is occupied by Sa<chaTum spontantum. Vttmria 
iizsnioidis and Halopj/rum mcuronalum type. This type is replaced by 
Saccharum sponlaneum-Desmostachya bipinnaia type where the streams pass 
through sandy terrain and Saeckarum spontanium—Vetiveria gizanioides 
type where streams pass through sandy clay loams. Similarly Saeckarum 
spontaneum is replaced by Halopjrum mucrenatum where streams pass 
through saline soils. A single exception to the above type has been 
observed on both sides of Danganga near Bilara where Pkragmites karka 
and Arundo donax from a community. 

In the sub-humid tract this land-form Is occupied by Saccharum 
spontaneum, S. bengalensis, Phragmites karka type. Similarly it is replaced 
by Saeckarum spontaneum, Pseudopogonatkarum contortum type in the humid 
tract at Mount Abu. 

Sand dunes which occupy a sizable area only in the extremely 
arid tract are occupied by Panieum turgidum and Panicum anlidotale type. 

From the above observations it may be seen that each climatic 
tract shows distinct and different grassland types on similar habitats. 
The climate also influences the soil properties (Table 2). Like grass- 
land type the forest vegetation types arc also influenced by the climate. 
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The humid tract showed the presence of 89 grasses out of the 135 
species identified as a result of intensive collection and survey of grasslands 
in the State. Of these only 26 grasses participate in forming four 
distinct grassland types depending upon the habitat soil characteristics. 
From these twenty'six grasses, however, Themeda Iraindra, Heleropogon 
contoTtus, Apluda muli'ca from the gravel and rock formation provide 
good hay whereas Cymbopogon marlinti provides thatching material. 
Bothriochloa inttTmtdia and B. pertusa are the only perennial forage 
grasses from the undulating terrain whereas Arundinella punula and 
Arthraxon spp. arc short lived annuals or biennials. Similarly Pennisefum 
hokenackeri provides hay and Cynodon dacljlon short green forage from 
the flat alluviums which arc subjected to seasonal flooding and the 
borders of perennial streams. 

The saline depressions, on which grasses are subjected to both 
physical and physiological drought m extremely arid, arid and semUarid 
tracts, support distinct grassland types, viz. Sporobolus marginatus - 
Desmostochj'a bipinncla on extremely arid and arid tracts and Sporobolus 
spp.‘Echi/iec/iha tohnum type in semi-arid and sub-humid tracts. From the 
large number of species recorded from the four climatic tracts only 
seventeen grasses figure on the saline depressions. Sprobolus spp., 
Aduropus lagopoidis, Chloris spp., Eragroslicella btfaria, Sekoenftldia gracUiSt 
Echinothloa colonum, Cynodon spp. and Desmoslaehya biplnnaio are the most 
salt tolerant species. However, most of the sites under these soils being 
undulating less salt tolerant species like Ertmopogon fovcolaius, Eleusine 
compTtssa, Dacfylocltnium sindicum, Dichantkium annulatum, Arislida 
fnniculata, occupy the better drained and leached hummocks. Since 
most of the area under these soils is subject to grazing by all kinds of 
animals, the population of grasses is very sparse and patchy. But when 
the area is protected from grazing the salt tolerant grasses take over 
the area gradually and make it suitable for supporting better and 
succulent forage species like DieAanthium annulatum and Eranopogoa 
foveolatus in flat alluviums, and Ctnehrus sttigeras, Cenchrus ciliaris, Eleusine 
compressa, Dactyloclenium sindicum grow in better drained sandy soils. It 
has been observed that deep ploughing or contour furrowing 25 ems 
deep and 3-5 meters apart help in quicker rehabilitation of these 
unproductive soils with the productive perennial forage grasses. 
Other salt resistant unpalatable weeds also contribute to the reclamation 
of such a soil. 
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and edaphic and soil characteristics (Tabic 1). 

Of the large number of grasses present in each climatic region 
only a few actually participate in making up different grassland types. 
Of these still fewer are useful for forage production and soil 
conserv.Ttion. 

In the extremely arid climatic tract sixty-onc species have been 
recorded. From these only twenty species participate in the first five 
grassland types. Amongst these, Lasiurus sindicus, Eleusine compresssa, 
Dacljlactenium sindicum, Dichanthium cnnulatum, Cenchrus eUiarts and Panicum 
antidotale .Tre the only important natural forage grasses. The other 
three species which occupy dominant position in the grassland types, 
viz. Cjmbopogon parktri, C, jwarancusa and Panicum lurgidum arc useful 
for soil conservation; they arc not palatable to the animals. 

The arid or transitional climatic tract supports 07 grasses; of these 
only 23 grasses participate In the three grassland types excluding that 
found on saline habitats which are discussed separately. Cenekrus spp; 
Eleusint compressa, DaetjloeUnium sindicum and Aristida spp. only make 
significant contribution to forage production. Attempts at introducing 
Lasiurus sindicus on old alluvial flats at Central Research Farm, Jodhpur, 
ha\e met with a grand success. The presence of Sekima nertosum at 
Kailana rocks is an interesting feature as beyond Jodhpur this species 
has not been observed. 


From the 122 grass species only 23 ha\e been observed to partici- 
pate in the respective grassland types of semi-arid tracts. Amongst these 
HiUropogon eonforlus, Chrysopogon Julvus, Stbima ntTVOsum, Bolhfiochloa 
pertusa from the rock and gravel formations, Ctnchrus setigerus, C. 
ptmisetiformU and Aristida spp. from the old alluviums, Dickanihium 
annulatum, Ertmopogon foreolalus trom well dTd.iDftd young alluviums are 
the important perennial forage species. 


The sub-humid tract supports 134 grass species. The four 
g ss an types studied show that only 28 grasses participate in the 
n.VA ffc- {Table 2). From these Eremopogon Jovtolatus, 

form^f cmMta on the rock and gravel 

alZi r’ a flirSaali/am «rir<.,aa. on 

arc im hehaemtim rugosum on the riv erian soils 

nd-forms to give optimum production. 
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Dlscnssion 

S.C. P»nJc>»rYou ha'^e tnet»»56nfd that it hoot poj«ible to dftfrmine new dry 
weight of harvests 1 may suggest that you may taie fresh weights in Belds and despatch 
samples to laboratory in polythene or Calico bags for osen drying at &0^C This wiU 
standardise your results and make it comparable wtlb those of others and IHP Air dr> 
weights are not co(npa*able. 

P C. Kanda : It was pointed out that it was not possible while conducting work in 
iTsoradic attempts, however, the suggrslioit is welcoose. 

SK. Jain:(l) Whether iJirAcetUim aristalim is dinereni from other species is 
doubtful, (2) It is wrong to inelude Sabata'Satit as forest types. Deiirr mention only the 
tree or high sbrub spp., (3) IdeniiBcaiioa of AtlS^axaa Uviolatus should be checked 

P.C. Nanda : (1) D sn'jtatmt is retained oq the basis of BorT work. In fact detailed 
eco-typic work of OirAMlAta’R complex in Arid Zone is under progress and results so far 
obtained warrant US to retain is, (2) Since except Tiintsru ipp. no other shrub or small tree 
occurs on these soils, the woody planis have been included to indicate the auociated other 
woody species, {J) It is a good suggestion, it would be kept in view. 

M Hasan : ^\ hat is the correlation between the distribution of different types of grass- 
lands and the density of animat distribution in Rajasthan ? 

P C Naeda : It is an interestiog point, wh'.ch needs attentioa. It is, however, beyond 
the perview of this paper. 

Geo R. Gist ! Do you ftod the same grassland cosununiiies under controlled gnaing 
as under ungrazed plots ? 

P.C. Sanda : Yes, in fact judicious controlled grating belps in msiniainiog the stable 
grassland type. Attention is draws to recent work by Kaul et Kanda (19d7j, Annals of 
Arid Zone, where beneficial eSret of controlled grazing has been shows in Cifitknt-AriUiJa 
grassland type. 

Mukbtsr Singh : The effect of land forms has been disnuted on the distribution 
of grasses in Raj'attban— Ului do you think is the effect of aspect factor, with reference 
to vegetation on sand dunes. 

P.C. Kanda : Aspect has a direct bearing on the density of the vegetation but the 
component species remain the same. 

J K. hlaheshwari ; It srouid be worthwhile Co claasify Che grastfaod types into major 
subtypes on the basis of climatic, edaphic and biotic factor. 

P.C. .Yanda : Jl U a good lu^eslion, in bet work is under progresi in this direetioa. 

R.K Gupta : In the abstract twenty two grassland types hate been given while in 
presenting the paper twenty two COmmunilirs bare been tsenlioaed. Could you rsplais this 
anamoly ? 

F C. Kanda : Tbe word community was used only to describe the retrogressive stages 
of tbe main type. The types diseussed are based on 10 to 12 year closure and proper manage- 
ment of the grasslands. 
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— Conclusions 

From the above discussion it is apparent that each climatic tract 
shows distinct and different grassland types on apparently simi ar 
habitats (Table 1). The limit of distribution of the maj'or forage 
yielding grasses is clearly demarcated and is based on climate an 
edaphic features in the State. In order to enable each land-form to 
provide optimum forage production based on land capability, c orU 
have to be directed towards the establishment, development and multi 
plication of specific grasses through controlled grazing, proper soi 
working and reseeding. 


V— Summary 

Twenty-two grassland types have been recognised from the five 
major climatic regions of Rajasthan. The importance of each 
land type with respect to forage production, soil conservation and soi 
impros'ement has been discussed. 
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I — iNTRODt/CTfOJf 
/. General 

The State of Rajasthan lying between the geographical location of 
23® 30’ and 30® 12' North latitudes and 69® 30' and 78® 17' East longi- 
tudes occupies an area of 3,42.274 sq. km. The forest area comprises 
nearly 37,638 sq. km, i.e., about 11% of the land area, with a low per 
tapUa area of 0.17 ha. Within the forest area, about 7% is denuded 
and depleted forest owing to past maltreatment and the remaining is 
comparatively better stocked. 

The physical features of Rajasthan are characterised chiefly by 
the Aravali Ranges which run north-cast to south-west, dividing the 
State into two zones, vis., the sandy, unproductive, north-west and the 
comparatively fertile south-east. The Aravalis form the main dividing 
line between the major watersheds also, and are composed of phyJlites 
and intercalated quartzites. Granites are characteristic of the Abu hills. 
The interesting geological features include Vindhyan rocks of late pre- 
Cambrian to early-Cambrian age in eastern Rajasthan, sand-stones of 
Damuda age in Jaisalmer and upper Gondwana age in south-east 
of Jaisalmer, lime-stones and shales of uppermost Jurassic age in 
Jaisalmer and Bikaner, Balmir sand-stones of Cretaceous age in Barroer 
and geological formations of Eocene age in Jaisalmer and Bikaner. 

The drainage of the land is largely internal with about 60% of the 
land area under inland drainage, the main river catchments being 
Chambal catchment (20.9%), Luoi catchment (10.3%), Mahi catchment 
(4.8%), Jamuna-Ganges catchment (1.5%) and Sabarmati catchment 
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edaphic climax of tropical drj* deciduous forests — 5/El, (ii) Acacia 
catechu forests corresponding to Champion’s edaphic climax of tropical 
dry deciduous forests — 5/E2, (iii) Boswellia srrra/a forests corresponding 
to Champion’s edaphic climax of tropical dry deciduous forests — 5/E5, 
(iv) Butea monosperma forests corresponding to Champion’s edaphic 
climax of tropical dry deciduous forests— 5/E9, (v) Dendrocalamus 

slrictus forests corresponding to Champion’s edaphic climax of tropica! 
dry deciduous forests — 5-E9 (dry bamboo brakes), (vi) Teclona grandis 
forests corresponding to Champion's edaphic climax of tropical dry 
deciduous forests— 5A/Gla (very dry teak forests), (vii) Mixed Miscella- 
neous forests corresponding to Champion’s northern dry mixed decidu* 
ous — 5B/C2, (viii) Subtropical ttetgreen forests corresponding to Cham- 
pion’s central Indian sub-tropical hill forest — 8AC3 and (ix) Thorn forests 
corresponding to Champion’s desert thorn forests— 6B/C1. 

(ij Anogtissus pendu'.a (dhaufc) forests : This is the principal type of 
forest covering about 60% of the forest area (10,200 sq miles). The 
docnioant species is Anogtissus pendula which often forms pure stands. 
Acacia catechu, Butea monosperma, Bauhtnia reemosa, ]\'rightia tomentosa, 
Acacia J/ueopklcca, Lannea coronandtUca and Diospyros melanorjhn form the 
common associates. The undergrowth consisu chiefly of Grt'Jia fact- 
scene, P,yetantkes arbortristis, ^i^r/Aas nummalaria and Balanites aegyptica. 
The average height of the crop is about 8 m and the crop density varies 
from 0.6 to 0.8. These forests arc important from the protective point 
of view as these provide a useful vegetative cover on the water-sheds. 
Anogeissus pendula is also used for small timber, fuel and charcoal. 

(ii) Acaeia catechu forests : This species which is economically 
important for the production of katha, occurs almost pure in patches 
and sometimes mixed with other species and occupies about 3% of the 
forest area. It is commonly found in the south-eastern region of the 
State. The species occurring in association with Khalr are picjphus 
xjlopyra, Z- glacerrima, Anogeissus perdula, Diehroslaehjs marmelos and 
Acaeia leucophloea. 

(iii) Bosu:eUia serrala forests : Boswellia serrata is found in the upper 
ridges of Aravali hills in shallow soils and cos-ers about 1000 sq miles, 
forming 5% of the total area. The trees commonly attain a height of 
12-13 meters and a girth of 20-25 cm. Boswellia setrata is a good pack- 
ing case timber for which there is increasing demand. Transport costs 
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2. Climate 

The climate is hot and arid. The rain fall varies from less than 
130 mm to more than 1000 mm (average rainfall 525 mm), and three 
distinct zones of rainfall distribution can be recognised. These are : (i) 
the dry subhumid zone of 500-800 mm in the east of Aravalis, (ii) the 
seme-arid zone of 300-500 mm from the foot-hills of Aravalis in the east 
to desert plains in the west, and (iii) arid zone of 100-300 mm 
The bulk of rainfall is received during June to September. 

The summer temperatures range from 46.2 to 47.8®C and the 
highest temperatures are recorded during May. The summers are hot 
and dry, while cold waves also occur during winter in the north-western 
part of the arid zone. The minimum temperatures in winter go down 
Frost is also a common feature. 


3. Soils 

The soils have developed under arid conditions and have been 
broadly divided into : (i) desert soils, (ii) grey brown soils, (iii) grey and 
brown soils of Indogangeiic plain, (iv) red and yellow soils, (v) undif- 
ferentiated alluvial soils, (vi) black soils, and (vH) eroded and skeletal 
soils on hill slopes. 

In general, most of the soils arc poor in nitrogen and organic 
matter content, deficient in moisture supply and low in fertility level. 

he soils are alkaline in reaction and contain high concentration of 
total and exchangeable calcium. The availability of other nutrients 
like phosphorous and potassium is much less, specially in desert soils, 
ravines and alkaline soils. In view of the unfavourable conditions, the 
management of the soils calls for increasing their fertility status, protec- 
lon of the soils from erosion, moisture cooservation and reduction in 
sa mity an alkalinity. In this respect, the afforestation can play 
a sigmBcant role in overall improvemeut of the soils. 


II — Forest Types 

and is *hc climate and soil variations 

speakinc n- \ by biotic inSuences. Broadly 

T o ' i„ .he Sta..: 

sn,™ corresponding to Champion's 



Srivastava ; Forest Resources of Rajasthan ; J55 


The teak forests arc potentially valuable forests but having been 
degraded by indiscriminate hacking, arc now being rehabilitated by 
tending and artificial regeneration. Recent trials with coppicing the 
malformed growth have sho^vn very good prospects of converting this 
inferior crop into well-grown stands. 

(vii) Mixed miseellaneous fortsts : In the south-eastern region which 
receives more rainfall, mixed miscellaneous types of forests occur 
forming about 20% of the total forest area. The dominant species of 
this type is Anggeissus lali/olia, associated with Diospjrps me!aficxj-hn, Aegle 
marmelos, Madhuea indica, Buchananta hnzan, Alhtzzic odoritiisima, Dalbergia 
latijolia, Schrehra swieiinigidtSt MUtagyna parrijolia, Terminalia belerica. 
Cassia fistula, Plerocarpus marsupium, Holopulia integri/olia, Butea monosperma, 
Mallolus pkillipensis, etc. The undergrowth consists mainly of Holarrhena 
antidysenterUa, Crni'ia fiacescens, Helielrts tsora, spp„ etc. The 

grass cover is luxuriant. 

(viii) Sub-lTopieal ecergreen forests : The sub-tropical evergreen 
forests occur over limited extent in about 20 sq miles round Aft. Abu 
at elevation of 1000 to 1300 m where the rainfall is 1500 mm or more 
annually. The main species are FJacourtia indiea, Bauftinia purpurea, 
Erykrina suberosa, Anogeissus serteea, Crataeca religiosa, etc. Martgifera 
indica and Syzygium cumj'niV occur ou the slopes of Aft. Abu. The 
introduced species are Pinus roxburghn, Cretillea rohusta, Salix spp. and 
Eucalyptus spp. 

(Ix) Thorn forests : These arc found mainly in the arid areas of 
north-west, ravines and sandy tracts and occupy 1882 ha of area. In 
the hilly tracts, the species occurring are Acacia Senegal, Greivta tenex, 
Zizyphus jujuba. Mimosa bameia. Euphorbia eadueifolia, etc., while the 
unstable sand dunes hardly support any tree growth except some small 
scrub. The sand dunes arc initially colonised by species like Cyperus 
arenarinus, Iniigofera spp., Citrius coloeynthis and annual grass shrubs like 
Leptadenia, Crololaria, Calotropts, Areuajacanica, Z^zyphus rotundifoUa, etc. 
come up below. Other species, particularly tree species, come up only 
when the dunes are stabilised and these consist of Prosopis cineraria 
(Pros'opis spicegera), Acacia Senegal, Salvadara oleoides, Gymnosporia splnosa, 
T ecomella undulata, Grewta tenex, etc. 

In the pronounced saline areas, such as near Sambhar lake, 
Salcadota oleoides with S. persiea, Tamarix dioca, T. aphylla, Azadirackla 
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involved in extracting it from remote areas is a major factor. This 
species occurs either in pure patches or in mixture. The species 
occurring as associates are SUrculta urens and Laanea coromandihca. 
It is sometimes also mixed with Emblica officinalis, Anogeissus latifolia 
and Acacia catechu or with Z^zyphus spp. In rocky areas there is 
practically no grass cover but in deeper soils Apluda, Eragrostis, 
Tkemcda quadrivaliis and Heleropogon contorfus form the main undergrowth. 

(iv) Butea monospema (dhak) forests : This species is characteristic 

of badly drained clayey soils and occurs chiefly along foothills and 
depressions. The total area covered is about 565 ha (1.5% of forest 
area). Dhak usually occurs in pure patches, but where mixed Dickros- 
tachys cinerea, Acacia Uucophlota and form the common associates. 

The canopy is not more than 8 m high and average crop density 0.6. 

(v) Dendrocalamus slriclus forests : Bamboo covers about 2.5% of 
the area (940 ha) mostly in parts of Chittorgarh, Udaipur, Kota and 
Abu hills. It generally forms pure patches in depressions and also m 
mixture with species like Anogeissus pendula, Mitragyna pamjlora, Cassia 
Jislula, Schrebra suietenoides, Diospyrus melanoxylon, Lannea toromandelica and 

Ougenia oojinensis. It also occurs in teak forests. The clumps are of 
varying size with 10 to 30 culms and 5 to 9 m in height. The bamboo 
forests have, however, deteriorated a great deal due to unsystematic 
working and congestion in clumps. 

(vi) Tectona grandis (teak) forests : Teak forests of the dry type 
occupy over 2635 ha and represent the northern limit of the natural zone 
of teak in India. Teak occurs commonly in southern and south-eastern 
parts of the State at elevation of 250 to 650 m in more or less pure stands 
in Banswara, and elsewhere in mixture with several species. In the 
northern aspects and better protected areas, the forests are well stocked 
while in other areas heavy biotic interferences have rendered the teak 
crop to various stages of degradation. The common associates of teak 
are Diosp^yros melanoxylon, Anogeissus latifolia, Aegle marmelos, Terminalia 
tomeyosa, Dalbergia paniculata, Steratlia urens, Bauhinia racemosa, Soymida 
febrifuga, Acacia catechu, etc. On ridges and sloping ground BoswelHa 
strrala, Coeklospermum gossipyum and Wrighiia tomentosa also occur in 
mixture with the teak crop. The under-growth is sparse and usually 
consists of ^Tyctanthes arbertristis. HelUtres hora, Holarrhena anlidysenterica. 
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dudhi flFrigA/i’a /onffttoiaj, gurjan (Lannea coromandelica) arc also used 
in the manufacture of wooden toys mainly in the Sawai-Madhopur and 
Udaipur regions. 

Tendu (Diospyros melanoxjlon) occurs almost all over the State and 
large quantities of le.aves arc extracted for the manufacture of bidis. 
Bamboo, which is found mainly in Udaipur, Banswara, Chittorgarh, 
and Alwar, provides mostly domestic requirements and is also used in 
local cottage industries such as basket making, carpets, curtains and 
furniture. 


2. Fodder and Grast 


The rural economy of the State is very much dependent on the 
pastures and grasslands owing to the importance which cattle rearing 
and animal husbandry occupies in the State. Rajasthan is a major 
producer of wool and produces nearly 45% of the country’s wool 
production. The cattle population of the State, includes besides 
miltch cattle, some of the Hnest breeds of sheep and camels. The total 
cattle population of the State as per 1963*64 hgutes was : 


Buffaloes 

Cows & Bullocks 

Sheep 

Goats 

Camels 

Others 


— 43.30.000 

— 1.37,67.000 

— 87,75,000 

— 77.51.000 

— 6.36.000 

— 3.60.000 


Total 3.55.19,000 


Though Rajasthan has about 5,3% of the total forest area of 
India, it has about 10% of the total cattle population. The forests 
which serve as grazing grounds and largely meet the fodder and grazing 
requirements of the cattle, play an important role in this respect. The 
management of grasslands should, therefore, occupy a special position 
in relation to the rural economy of the State. 

The man.igement of grasslands, locally known as — birs, consists 
of closure during rains and grass cutting during winter. The areas are 
thrown open to cattle during the summer after the cutting operations 
are complete. Certain areas also require seeding with edible grass species 
such as Cenehrus eiliaris, C. setigerus, Lasiurus sindicus, Sekima nervosum. 



155 : Natural Rf50URCEs or Rajastiias 


indica, Calotropis procera, SuaeJafittlieoitt and SalsoUa foetida are found. 
Ravine areas along Ch.-imbal, Banas and other rivers arc heavily 
grazed and contain an open crop of ProsopU spieegera, Salvadara almd(s, 
Dalanitis aegyplica, Acacia calcchu, etc. 

Tree Savannahs : Scattered grasslands occur over a wide area, 
though forming a small percentage of the forest area. These are 
important reserves of fodder for the cattle. 

The naturally occuring grass types in the State arc : Lasiurvs 
indicus-Ctnehtus and Lasirus-Cymhopogon types in arid tracts, Schima- 
Dicanlhium and Cjmbopogan types in semi-arid tracts, Dicanlhtum-Cinchrus 
type in transition zones of arid and scnii-.arid, and Thcmda-rsetidantkis- 
liria and Thtmtda-Ptnniselum hohenacketi types in sub-humid zones. From 
the point of view of fodder. Lasiurus tndicus, Schima perrosum, Dicanthium 
annulatum, Cenckrus eih'orjf, Ccnchrus settgerus and PennUum antidataU form 
the most important grasses. 

The tree \egctation tn grasslands is sparse consiiling of Acacia 
Uucophleta, DalanUes acgjpiica, Diclraslachys finfrra, Capparis decidua, 
Zi^phus xylepara and Prosopis s^iVi^rra. The undergrowth consists of 
shrub and grass cover. 


Ill— Major and Minor Forest Produce 
/. General 


A large proportion of the State forests lies in the arid zone and 
supports open scrubby vegetation, llic southern and south-eastern 
part cast of Aravalis is well wooded and contains better quality forests, 
though timber species are, as a whole, deficient. The main forest 
produce is the dhauk wood (Anogeissas penduta) which is used principally 
as firewood and for manufacture of charcoal. Some poles and small 
timber is obtained from teak and other species, viz. Terminalia lomenlosa 
Prosopis spicigera, Tecomella undulata, etc., while packing case species are 
Boswellia serrata, Lannea coromandeliea, etc. 


Amongst the minor forest products, katha, khas oil, tendu leaves an 
are the most important items. Katha (Catechu) is extracted fro) 
^acta caUcku^ heartwood and manufactured by the traditional melhoi 
as 01 IS distilled from Vetiveria zUinoides which is found mainly i 
hald.rr/.-'"'' Several secondary species, vi 

f ina cordifoUa), al (Motinda tiiutoria), selar (Boswellia serrata 
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wood requirements of local population is considerable. Unfortunately, 
a good proportion of otherwise valuable forests, including the teak 
forests, have been considerably degraded by maltreatment in the past, 
intensive biotic pressures and indiscriminate utilisation. 

2. Soil Consersaiion 

Soil erosion is a serious problem in three important tracts, viz. 
(i) desert areas, (ii) hilly tracts suceptible to erosion and (iii) ravine 
lands. 

In desert areas, the shifting sand dunes threaten large areas and 
their stabilisation is imperative for soil conservation. This can be best 
done on an ecological basis by introduction of pioneering species 
initially and added by mechanical devices such as fixing brushwood 
material in chess board pattern. Direct seeding of small shrubs and 
grass species followed by introduction of indigineous and exotic tree 
species like Acacia Senegal, Prosopis jultfiora, Tecomelta undulata, ^i;^pkus 
JuJuba, Eucalyptus oleosa and Acacia tortsllis, shrubs such as Colligonum 
polygonoides, Cassia auriailala, Rictnus communis and grasses like Lasiuris 
hirsutus, Panicum antidotaU, P. tutgidum, Erianlkus munia holds promise in 
the stablisatioQ of dunes. 

In the hilly traces, the problem is mainly of soil erosion due to 
lack of cover, and stony and rocky nature of soil. Soil conservation 
works consisting of contour trenching and check dams and loose stone 
fencing over about 29,960 ha have been carried out so far. 

3. Ravine Reclamation 

The ravines occur extensively in the eastern and south-eastern 
parts of the State along the Cbambal, Mahi, Banas, Kalisindh and Sabi 
rivers and cover nearly 3,23,749 ba. The reclamation of the ravines to 
arrest soil erosion and reclaim the land for grasslands, afforestation, etc. 
are problems of magnitude on account of the large area involved. A 
survey of the ravine areas has already been carried out and afforestation 
works have been taken up over 1460 ha. during the Third Plan. The 
existing plantations hav’c shown that A. arabica, Prosopis julifiora, Albizzia 
lebbek, AUantkus exeelsa, Azadirachttt indica and bamboos give good results 
in ravine areas. Other species which can be tried in such areas are 



158 : Natufal Rziofscxs of Rajaotian 


Apluda muliea, Dicanlfiium aimulatnm and Thcmeda quadricahts. The 
yield of air dried grass from grass reserves usually varies from 200 
to 600 Kgm per acre. ^Vith proper management, like restricted grazing, 
contour furrowing and use of fertilizers, the yields can be increased 
severalfold. 

Such species of trees as provide for fodder, e.g. Anogetssus ptndula, 
Bauhinia raumosa, Butea monospttma, Ailanlhus exciha, Atadirachta indica, 
Ficus spp., Prosopis juUjiciTa, should be encouraged wherever present or 
introduced. 


5. l^'iW Life 

A rich natural recreational resource is the wild life and a number 
of wild animals and birds arc found in the State. Amongst the animals 
tiger, panther, sloth bear, gazelle. four»horned antelope, black buck, 
sambar, t\ild*bcar, pangolin, otter and wild dog arc fairly common. A 
variety of reptiles like crocodiles, cobra, rat snakes, kraiis, monitor 
lizard, snake fish, etc., is also found. 

The bird life is more interesting and a variety of birds, both 
migratory and others, occurs in the State. Common amongst the birds 
are the bulbuls, the common babbler, flycatchers, Indian robin, king 
fishers, woodpeckers, blue rock»p1gion, larks, shrikes, grey hombill, 
golden oriole, and purple sunbirds. The migratory species include 
whistling teals, bar-headed goose, pintails, pochards, flamingoes, 
floncans shovellers, demoiselle cranes, rosy and grey pelicans and the 
Siberian cranes. 

There are at present eight wild life sanctuaries in the State 
me u ing the famous bird sanctuary at Ghana which attracts a large 
number of tourists every year. 

Forest Resources 


Central 

much of economic 

<ievclopmc„,rfarir,cgio"'. 

sources of fodder .„d graemg, and above all in meeting the 
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6. Farm Woodlands 

The creation of farm forests in village wastelands would cater to 
the fuel wood and small timber reqmrements of village population and 
reduce pressure on existing forests. A beginning was made in the 2nd 
Plan on such a scheme by taking up farm woodland afforestation in 
Panchayat lands. Such schemes need be extended in spite of initial 
hurdles, over larger areas with provision of adequate funds. The 
depleted forests of Panchayat Samiti areas can also be rehabilitated 
under this scheme by cutting back and tending operations. 

7. Grassland Management 

The degraded forests and the grass reserves need development for 
forage production. In the grasslands (birs) reseeding svith suitable 
grasses like Ctnehtus ciliaris, C. setigenu, Lasiurus indieus, Diehanthium 
annuJalum, Sekima nervosum, IseiUma wightii and f. laxum by fencing and 
contour furrowing would improve the grass reserves. If necessary, in 
poor areas the seeding can be done along with the application of ferti* 
lizers to hasten growth. The unpalatable trees and shrubs like Capparts 
decidua, Calotropis proeera, Tephrosia purpurea, Lepiodenia pyroUchnUa, 
Datura sp. require to be eradicated. Top feed species like Prosepis spici- 
gera, Atlantkus exeelsa, Z'Zyphus mauriliana, Z- nummularia. Acacia ntYotira 
need also to be introduced to the grass reserves wherever possible. 
As far as possible, deferred and rotational grazing should only be 
' allowed according to the capacity of the area. 

The existing production of grasses from grass reserves is poor, viz. 
about 200 Kgs per ha, and with suitable management practices it 
should be possible to obtain about 500 kg per ha of grass production. 

8. Minor Forest Product 

In addition to the improvement in existing minor forest products, 
a number of medicinal plants can be introduced in suitable JocaJities as 
there is ver^* little production of medicinal plants at present. The 
suitable species which can be introduced in the dry tracts are Datura 
stramonium, D. inMxia, Cljcorrhiia glahra. Cassia aculifolia, C. engustifolia, 
Conmiphora mukul, Ephorbia rtsinfera And Acaeia senega!. 
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Acacia catechu, Albizzia amara, Balbergia jisso, and suitable species of 
Eucalyptus. In view of the large area of ravines, the afforestation 
programme in association with soil conservation measures needs to be 
speeded up. 


4. Rehahililation ef Degraded Forests 

As already stated earlier, a large tract of forest area is degraded 
due to maltreatment and includes the 'danda kasht* or shifting cultiva* 
tion, the degraded jagir forests, and other types of degraded ‘forest 
areas. It is estimated that a total of 28.40,400 ha of such forest area 
is in the need of rehabilitation, out of which nearly 59581 ha has been 
covered during the Third Plan. The rehabilitation of degraded forests 
can be done by cutting back of the malformed growth, tending new 
crop and planting up gaps. Rehabilitation work on these lines on the 
potential valuable teak areas has given encouraging results. It is also 
necessary to protect these areas from grazing damage by voluntary 
closure through public education and publicity on the importance and 
benefits of forests. Such measures shall go a long way in recouping 
the poor tree cover and ameliorating the economy of the rural areas to 
an appreciable extent. 


5. Economic Plantations 

There is a restricted scope of raising economic plantation due to 

poor soil and severe climatic conditions. However, some areas like 
irrigated canal banks, and better types of areas can be planted with 
valuable industrial and commercial species iike teak. Ailmihus ixiiht, 
mUpuUa in„srif,lia, Euc.lypiu, hybrid, At„ria catechu, 
bamboos { Deadracalamus strictus). So far nearly 
«UU ha of economie pla„la,i„„ „r ,e.k, EcmcUia errata, babul, 
mulberry and Eacaljpta, planlations have been raised during the third 

aiha), Balbergia msec, 

fZ cl , also hold promise due to 

differs™ 1 

respect to soil ^3" ’a' » >>5 carefully selected with 

maximum beneS horn rfgari™”"’"'”'""'"'" '» 
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6. Farm Woodlands 

The creation of farm forests in village wastelands would cater to 
the fuel wood and small timber requirements of village population and 
reduce pressure on existing forests. A beginning was made in the 2nd 
Plan on such a scheme by taking up farm woodland afforestation in 
Panchayat lands. Such schemes need be extended in spite of initial 
hurdles, over larger areas with provision of adequate funds. The 
depleted forests of Panchayat Samiti areas can also be rehabilitated 
under this scheme by cutting back and tending operations. 

7. Grassland Managemtnx 

The degraded forests and the gr.iss reserves need development for 
forage production. In the grasslands (birs) reseeding with suitable 
grasses like Ctnchrus ciliarh, C. seligerus, Lasiurus indicus, Dichantkium 
annulalum, Stkima ntreosum, Iseilima wightn and 7. laxum by fencing and 
contour furrowing would improve the grass reserves. If necessary, in 
poor areas the seeding can be done along with the application of ferti* 
lizers to hasten growth. The unpalatable trees and shrubs like Capparu 
decidua, Calotroph procera, Ttphrosia purpurea, Leptodenia pyoUchnica, 
Datura sp. require to be eradicated. Top feed species like Prosopis spici^ 
gera, Ailanthus excelsa, mauriliana, nummularia. Acacia nilotica 

need also to be introduced in the grass reserves wherever possible. 
As far as possible, deferred and rotational grazing should only be 
allowed according to the capacity of the area. 

The existing production of grasses from grass reserves is poor, viz. 
about 200 Kgs per ha, and with suitable management practices it 
should be possible to obtain about 500 kg per ha of grass production. 

S. Minor Forest Produce 

In addition to the improvement in existing minor forest products, 
a number of medicinal plants can be introduced in suitable localities as 
there is very little production of medicinal plants at present. The 
suitable species which can be introduced in the dry tracts are Datura 
stramonium, D. innoxia, Glycorrhiza glabra. Cassia acutifolia, C. angustifelia. 
Commiphora mukul, Ephorbia resinJeTa and Acacia Senegal. 
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9. IVood-based Industries 

So far as large scale wood-based industries arc concerned their 
prospects in Rajasthan arc limited, Hosvcver, there is scope for the 
establishment of a chip board factory near Banswara utilising tcakwood 
from degraded stock. Boswellia serrata and Lannea coromandelica arc 
species which occur in good proportion and arc suitable for packing 
cases and pulp. Roonjh (Acacia lucopkloia) is useful for manufacture of 
gunstocks and occurs widely in forests and wcstclands. A number of 
grasses occuring in the State, viz, Apluda mulica, Thmeda quadrivaltis, 
Sthima netzosum, Htltropogon contortus arc suited to the manufacture of 
straw boards and a strawboard factory has already been set up at Kota. 

V— COSXLUSIO.NS 

Though at present the forest resources of Rajasthan are limited, 
there is considerable scope for their development and improvement 
provided sustained cooperation from the public is available at all stages. 
Universally true as tliis may be. It is of special significance to a State 
like Rajasthan, where climatic and edaphic conditions are very severe 
and inhospitable to the vegetation, and specially tree growth. Further- 
more, the socio-economic welfare of the people and the protection and 
fertility of agricultural lands are intimately connected with the mainte- 
nance of adequate tree cover in vulnerable areas. Therefore, the 
protective and functional role of forests and other vegetation should 
have priority over material benefits from forests accruing to the local, 
people. Simultaneously with this over-riding principle, concerted efforts 
have to be made to raise the economic level of the people by various 
measures of which production forestry including improvement of pastures 
and grazing can form an important plank. 
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production from these forests is rather limited in terms of fueiwood and 
timber, yet the protective and functional role of these forests is of great 
significance. Equally important is the provision of grazing and fodder 
from these forests and other lands trbich has'C to support about 10% of 
the total cattle population of India. Cattle rearing and farming is an 
important aspect of the socio-economic structure of the State which 
contributes nearly -45% of the countr>'*s total wool production. Cons- 
equently, proper management of grazing and improvement of grazing 
lands and pastures ij as essential as proper protection and maintenance 
of forests, as both these aspects have a direct bearing on soil and 
moisture conser\'ation which is of paramount importance to the State. 
Some suggestions in these respects have been given. 

Other benefits from foresu include the provision of fuclwood and 
small limber to the local people. In this respect, the scheme of 
development of farm forests and village woodlands needs to be 
intensified. Also, with the coming up of Rajasthan Canal, there are 
good prospects of irrigated plantations of economic species in Rajasthan. 
Forests also provide a number of minor forest products, particularly 
gums, bidi !ea%’es, bomboos and medicinal plants. More attention has 
to be paid on their development as well. 

As far as large scale forest based industries are concerned, their 
prospects arc limited in Rajasthan. However, there is scope for the 
establishment of a Chip-board factor)' near Banswara, utilising leak- 
wood from degraded stock. A straw board factory has already been set 
up at Kota, utilising a number of grasses. 

In conclusion, the dual role of forests-protection and production 
has been emphasised, the former having predcedence over the latter. For 
all forest developmental actirities, the sustained cooperation of the 
local people is a pre-requisite, particularly in a State like Rajasthan 
where the climatic and soil conditions are inhospitable to vegetation. 
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THE ROLE OF NON-TIMBER FOREST PRODUCTS 
IN RAJASTHAN'S ECONOMY 
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I — Intbodcctiox 

Rajasthan’s forests produce a fair quantity of timber especially of 
the smaller kind. Poor though the scrub forests look, they actually 
abound in numerous species of economically important plants which 
can yield ihtir major products, namely, the non-timber products, which 
elsewhere go under the name ‘minor forest products.’ 

Rajasthan presents a vast contrast in vegetation. The forest areas 
are open and degraded on denuded hilly terrains. Extremes of site 
factors have resulted in variable vegetation from scrubby and thorny 
bushes on sand dunes in north-west to the dense green forests, rich 
in svild life in the south and the scmi-cvcrgrccn forests of Abu Hills. 

India earns considerable foreign exchange by export of non-timber 
forest products, \^hich amounted to 40 to 80 crorcs of rupees annually 
during the past three years as against 3 to 6 crorcs worth of timber (Rao, 
tt al. 1968). Rajasthan’s share of these earnings can be considerably 
enhanced through proper organization of the technical aspects of 
production as uell as of marketing. 

In the following few pages arc described the various categories of 
these economic forest products. For convcmencc the species have been 
classified as below according to the nature of their utilization except 
the medicinal phtnls which will find separate entity in this symposium : 

1. Gum and resin-yielding species 

2. Tan and dye-yielding species 

3. Cutch and Katha 

4. Oilseeds and oil-yielding plants 

5. Essential oil bearing plants 

6. Species providing fibres and flosses, material for mats, ropes, 
huts, brooms and paper 
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7. Bamboos 

8. Species providing miscellaneous products, viz. Wax, Bidi. 
leaves, etc. 

9. Edible products species 

II— Gum and Resin-yieldino Species 

This group of species fetches sizeable revenue to the State which 
was estimated to the level of R$. 3.16 lakhs in 1961 and utilization 
of the produce was assessed to be Rs. 7,01,329 in 1964-65 in Rajasthan. 
The species arc given below : 

1. Acaeia nilotica ssp. indica Willd. (Babul) yields babul gum and 
occurs as a common species In tropical forests. The spontaneously 
exuded gum alone is generally collected locally. 

2. ^caci'oeatwAu (Linn.) Willd. (Khair) is utilized for the extrac- 
tion of katha, 

3. Acacia Senegal Willd. (Kher) is a shrub-like low tree which 
yields gum arable, and is one of the best species of gum-yielding 
Acacias. 

4. Anogeissus latifoUa Wall. (Dhaura) yields gum gkatli or dkaura 
gum of commerce, and is xiscd for calico printing and in pharmaceu- 
ticals and ceramics. The gum is collected locally in summer when it 
copiouly oozes out from the trees. The trees, however, are not tapped 
for gum at present. 

J. Boswellia strrala Roxb. (Salai or Salar) is an important source 
of gum-oleo-rcsin called salai gum or ‘Indian oblibanum’. It seems this 
species has not yet been tackled to obtain gum-oleo-rcsin in Rajasthan. 

6. Commiphora ivightii Engl, yeilds a fragrant gum-olco-resin, 
called ‘Indian myrrh’ (Indian bdellium or guggul), used as an incense, 
as a fixative in perfumery, in medicine and as a substitute for the foreign 
myrrh. Guggul is collected in cold season by making incisions on the 
trunks of trees. 

7. Lannea coromanddica. (Hout.) Mcrr. (Jhingan) yields Jhingan 
gum of commerce and is probably not being tapped so far in Rajasthan. 
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8. StfTculia urens Roxb. (Rada) yields gum karaya and ranks 
second to gum arabic in commercial importance in world trade. It 
has a ver)- high export potential. 

In addition to the above, a few other species, viz. Acacia Uucophloca 
Willd., A. jacquemontii Benth., Butea monosperma (Lam.) Taub. and 
may also be tried to obtain gum. The bark of Sojmida 
Jehiifuga A. Juss. also exudes a gum which makes a good adhesive. 

Ill — T aJT and Dve-YIELDWO SPECfES 

There appears to be far greater scope in Rajasthan for the species 
which yield tannin and dyestuff materials. They were estimated in 1961 
to yield the revenue of Rs. 1.57 lakhs in Rajasthan. Some of the species 
which are considered useful for tanning and dyeing purpose are listed 
below with brief notes. 

1. Acacia nilotcia (Lam.)ssp. indUa Willd. (Babul). Bark and pods of 
this species are used as tanning material. Bark contains 12% tannin and 
the tannin content varies from 12*19% In the entire pods and 18*27% 
after the removal of the seeds. It is a predominant tanning material 
in northern India. 

2. Acacia levcophoUa Wild. It is a common species growing in 
dry parts. The average tannin content of bark is about 12 per cent. 
It is also used by users of babul bark. 

5. .dno^fiiJW /at«yblia Wall. (Dhawa), This species occurs in plenty 
in Rajasthan. Its leaves (sumac) and bark are used as tanning material. 
Tannin content of leaves varies from 22-46% while in bark the average 
tannin per cent is 13 only, and sumac (a special preparation of crushed 
leaves) is the richest tanning material. 

4. Baufiinia purpuita Linn. (Koliar). Its bark is used as a tanning 
and dyeing mateiia}. It occurs as oac of the common associate species 
in the sub-tropical evergreen forests of Rajasthan. 

5. Carissa opaca Stapf. (Karaunda). This is an evergreen shrub ol 
the sub-tropical evergreen forest of Rajasthan. The average tannin 
content of mature leaves is estimated at 1 1 %. Karaunda is unusual 
in that the quite young leaves contain no tannin, which, ho^ycve^, 
increases as the leaves mature. This is unusual and contrary to other 
tannin leaves. 
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6. Cassia fistula Linn. (Sonari). It is commonly known as Indian 
laburnum and is used for tanning purpose as commonly as avaram 
bark. It cotains about 12% tannin and is used as a diluent for avaram 
whenever its price is less than that of avaram, proportionate to its tanntn 
content. Its occurrence is common in the Anogetssus ptndala type 
forest of Rajasthan. 

7. /rirt/uia A. Juss. (Rohun). Bark of this species contains 

about 13-14% tannin and is used for tanning and dyeing. It gives a 
dirty brown colour to cotton fabrics. It occurs in the dry teak forest 
and mixed deciduous forest of Rajasthan. In the latter this species 
occurs on the plateau and gentle slopes with poor soils. 

8. Ttminalia arjuna Bedd. (Kahua). It occurs very commonly along 
Dallas in the dry teak forests of Rajasthan. The bark of the lower 
branches contains 18% tannin as against 20-24% for the bole bark. 
It is an advantage that Kahua b.Trk can be repeatedly cut and it will 
grow again to produce new layers of bark. It is commonly used by the 
tanners and needs attention of the foresters for greater exploitation. 

9. Termina/ij irl/ifica (Gacrtn.) Roxb. (Babera). It grows as one 
of the main species in the mixed deciduous forests of Rajasthan. Fruit, 
bark and wood of this species contain tannin but except for its fruits, 
commonly known as bcleric myrobalan, others arc not worth considera- 
tion due to their insuIBcicnt tannin content. Bcleric myrobalan contains 

about 24% tannin and is very commonly used by the tanners of India 

as an important mixture svith other tanning materials. 

10. Terminalia lomtniosa W. & A. (Sain). This is a large deciduous 
tree occurring as one of the common associates of dry leak forest and 
mixed deciduous forest of Rajasthan. Its bark is of importance as 
tanning material, but the outermost layer of bark contains no tannin 
and should be removed in collecting the bark. 

11. ^iziphus xj/lopjra Wind. (Gothar). Thisisfound scantily in the 
dry teak type of forest of Rajasthan but wherever it occurs its fruits can be 
utilized as tanning material which contains 16-21 % of tannin. Gothar 
fruit has long been used by village tanners with success. This species 
is also of some value for re-foresting poor soils. This property can be 
taken advantage of in the reforesution programme. 
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12. Ra7anii«i a#£j/i/iafa (Linn.) DeIi!e(Hingan). This species occurs 

as an undergrowth in ptndula forest and as common species in 

tropical thorn forest, and its fruits are used as detergent for silk. 

13. Bulta monQsptrma (Lam.) Taub. It yields yellow to orange 
flower dye. Area under this species is approximately 565 sq km in 
Rajasthan. 

14. J4^ctanthts arSor-tristris Linn. (Harsinghar). It occurs in 
Rajasthan as an undergrowth. Orange coloured tubes of flowers of 
this species give orange or golden yellow dye for colouring liquors. 

15. Afallolus philippemU Muell. Arg. It occurs in the valleys of 
the sub-tropical evergreen forest and yciids a fruit dye, ‘Rottlcrin’ which 
is used for dyeing silk. It gives an orange or flame colour to oils, soaps, 
ice-creams and drinks. 

16. irn'gAh'tt tinctotia R. Br. It yields an indigo-Hke blue colou- 
ring substance from leaves. It occurs rarely in the dry teak forest of 
Rajasthan. 

In addition to the above existing species, Haloxjlon ammodendron 
Boiss. is recommended for green dye and Lawsonta inermis Linn, which 
yields ‘henna' dye of commerce, as worth propagating in Rajasthan. The 
Utter gives an orange dye for fabrics, leather, hair, eye-brows, Anger 
□ails and personal adornment and can enjoy good possibilities in the 
foreign market. 

IV — Oil-Seeds and Oil-yielding Plants 

1. Balanites aegjpttaca (Linn.) Dclilc. This species occurs as an 
undergrowth in Anogeissus pendula type of forest as one of the common 
species in tropical thorn forests. It is a small thorny tree growing in 
drier parts of India, and in Dungarpur and Kota-Shahbad of Rajasthan. 
A fixed oil called 'zachun’ is extracted from seeds (Puri and Jain, 1960j. 
In Rajasthan the pulp of the fruit is used for washing silk as it contains 
saponin. The empty woody shell after removing the seed through a 
small hole is made into crackers for local fire works. 

2. Mdlotus philippinensis MuclL Atg. (Kamala). This species is 
quite common in the valleys of the sub-tropical evergreen forests of 
Rajasthan. About 270 quintals of seeds are produced annualy. The 
seed cotains about 35 per cent oil. The oil has been recommended for 
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use in the preparation of air drying wrinkle-finish varnishes and paints. 

It has also been used for the preparation of oil modified alkyd resins 
which on baking set to wrinkle patterns and smooth coatings and spar 
varnishes. The seed cake left can be used for manurial purposes. It 
seems profitable to undertake large-scale trials with regard to extraction, 
storage and application of Kamala seed oil- 

5. Pongamia pinnala (Linn.) Pierre (Karanja). This species occurs 
in the valley and along streams where soil is deep and rich in the mixe 
deciduous type of forest of Rajasthan, paticularly in Gujaner, 
Ankaleshwar, Bhuj and Junagad Datar hills. A useful oil, known 
in some places as honge oil, is extracted from the seeds. It is useful as 
a luminant oil and also as insecticide against coffee green bug especially 
for its insecticidal properties, as also for insecticidal soap making. 

4. Ricinus communis Linn. {Castor oil plant or Arandi). It i* * 
species which is likely to do well In Rajasthan and is therefore 
recommended for cultivation in available forest areas besides agricul- 
tural land. This is one of the most valuable oilseed bearing plants. Its 
seeds contain a high_ percentage of oil and also a blood coagulating 
toxin ‘ricin’ and enzyme lipase. Arandi oil is highly valuable both 
medicinally and industrially. The oilcake left after the extraction o 
oil is a valuable fertilizer (Dastur. 1954). 

5. Simtcarpus anacardium Linn. It is reported to be occurring m 
Jajhra area of Rajasthan. The oil extracted from seed is used as a 
wood preservative against attacks of whiteants and as a lubricant for 
wooden-axle carts. In addition to this, the caustic juice contained m 
the rind of fruit has many medicinal, domestic and industrial uses. It 
is a powerful irritant and vesicant and causes dermatites. The juice is 
used for marking linen indelibly. It has recently been shown that this 
juice can be converted into non-vesicant products which can b® 
commercially used for making lacquers, varnishes, enamels, synthetic 
tanning materials, insulating materials and moulding plastics. 

6. Terminalia bellirUa Roxb. It occurs in the same localities of 
Rajasthan as Pongamia pinnata particularly in Banjo!. After utilization 
of the pericarp, the seeds can be used for the extraction of oil which is 
used as a hair oil. 
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Some of the above species are su^ested for proper utilization in 
the State, though commercial utilization of the fatty oils from the seeds 
of Indian forest plants is beset with several difficulties, viz. irregularity 
in the annual fruiting of trees, tediousness in the collection of seeds, 
ripening of some seeds in beginning of monsoon which renders the seeds 
liable to fungus attack and deterioration of the oil content on account 
of humidity, uneconomic oil content (below 25%) for expression purpose 
and lack of cheap industrial solvents for extraction of oil. It is, there- 
fore, worth investigating these factors before taking up the extraction 
of oil (Puntambekar, 1952). 

V — Essential Oil-bearjno Plants 

1. BomtUia jtrrala Roxb. ( Salaj or Salar ). This species occurs 
in the upper ridges of the Aravalli hills in almost pure patches in 
Boswellia serraia type of forests and also in Dungarpur, Panchkund, 
Sawai Madhopur and Kota*Shahbad. The essential oil obtained form 
the exudates from the stem and branches and called ‘olibanum’ consists 
of an essential oil which can serve as a substitute for the American pine 
turpentine and is used in preparation of quick-drying varnishes and 
paints. 

2. Cjperus rolundus Linn. ( Nagur motha ). It occurs through- 
out India and in Rajasthan in Gujaner. It is a perennial sedge with 
reddish-brown branched umbclliform spikes. The useful part of the 
‘grass’ is rhizome which is spongy, aromatic, resinous and balsamic 
which yields an essential oil. This oil is used in perfumery and for 
soap-making and as insect-repellant. 

3. Eucalyptus spp. There appears to be a wide scope for growing 
eucalyptus in the sub-tropical evergreen forest of Rajasthan as it is 
reported that Eucalyptus species introduced in Rajasthan are doing 
well. Species worth trying are Eucalyptus eitriodora Hook., E./Tuttcetorum 
T. Muell (E. polyhraetta R.T, Baker^, and Mysore gum species 
comprising Eucalyptus tcTetieornis Sm. and E. tamalduUnsis Dchn. 

4. Mickelia ckampaea Linn. (Champa). This species occurs in 
Mount Abu and the champaca oil of commerce obtained from its 
flowers is used in perfumery. The oil contains iso-eugenol. 



J72 : Natural Resources of Rajasthan 


5. Rosa moschata Herrm. This species occurs in the sub-tropical 
evergreen forest of Rajasthan and it is worth trying to obtain oil of rose 
which gives clove like odour. 

5. Vetiveria ^izanioidts (Linn.) Nash. It is wild all over India 
and is exploited in Bharatpur for Khus-khus oil. It was assessed to 
have been utilized to the level of about Rs. 20,000 in 1964-65. The 
commercially important part of this grass is its roots which yields khus- 
khus oil. It is one of the most viscid of essential oils and is therefore m 
great demand for fixing volatile perfumery oils. Oil usually distilled 
in Bharatpur is of the heavier type and is generally used for high class 
soaps. 

In addition to the above species occurring in different forest types 
of Rajasthan, cultivation of a few of the following species is worth 
taking up in Rajasthan State. 

1. Acacia /arncsiana Willd. (Vilayati-babul). For cassia perfume, 
distilled from the flowers. It has a commecrial importance. 

2. Aniropogon laniget Desf. Tufted grass with aromatic roots. 

3. Bursira dtlpechiana Poiss.ex Engl. This species is suggested for 
trial. The berries and wood of this tree yield the ‘linaloc oil’ of 
commerce. The oil is a valuable perfumery material. 

4. C}mhopogan mariint (Doxb.) Stapf var "Motia” and “Sofia.' 
Flowering top and leave of these two varieties of grass yield palmarosa 
oil or Rosha grass oil and ginger oil of commerce respectively. Export 
of palmarosa and ginger grass oil ranged from 17 to 38 tonnes and 
about one tonne respectively during the last three years (1964-65, 
1965-66 and 1966-67). This grass can afford good prospects for esta- 
blishment of Essential Oil Industry in Rajasthan. 

5. Cymbopogon nardas (Linn.) Rendle. This grass yields Ceylon 
cilronella oil of commerce which is chiefly used in the scenting of soap 
and several technical preparations and as an insect-repellant. 

6. Cymbopogon winUrianus }ovi\xt. This grass is closely related to 
C. nardus and yields Java citronella oil of commerce. 

7. Mentha arvensis DC. This needs special attention as the 
Japanese mint oil is an important source of natural menthol largely used 
in medicine which is imported to the tune of about 20 to 63 tonnes 
annually to meet our requirement. 
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5. Altntha piperita Lmn. This is also required to be cultivated 
on large scale as the peppermint oil which is obtained from the leaves 
and stem of this species is one of the most important essential oils used 
for medicinal and flavouring purposes (Badhwar rf a/., 1964). India 
imports about 55 to 90 tonnes annually to meet the requirement of the 
country. 

9. Octmum kilimandsekaruttm Guerke. The volatile oil obtained 
from the leaves is a valuable source of camphor and camphor oil. 

10. Pandantis tectorius Soland. Though common in the tidal 
forests of Sunderbans on the sea coast of south India and backwater 
canals of Travancorc and Andamans, it can also be grown in the dry 
and desert areas. The flowers of this species yield keora oil of commerce 
which is chiefly used to flavour katha and catechu. Keora attar is of 
value to perfumers. It enjoys an export trade. 

IL Sanlalum album Linn. (Chandana, Sandal). This is found 
introduced from south India in small patches in some parts of 
Chittorgarh, Jhalawar and fianswara forest divisions, mainly on Deccan 
trap. The most common host plant is Carissa spinarum. Though 
natural regeneration in seedling and sapling stages is reported to be 
plentiful, trees abo%’e 10 cm diameter at breast height arc scarce 
(Sfivastava and Mathur, 1964). The exploitable diameter is fixed at 30 
cm d.b.h. and it has been prescribed in the working plans to protect the 
trees. The most valuable part of the wood is its inner part, the heart 
wood which contains sandalwood oil of commerce. The heart wood 
development in north Indian locations b still to be studied as it seems 
to be generally slower. No substantial quantity of sandalwood oil has 
yet been obtained from sandal grown in northern India. 

VI— Species Providihg Fibres and Flosses 

This group of plants cams a considerable amount of foreign 
exchange for our country and during the past three years India’s export 
of fibres and flosses, barring cotton and jute, ranged from Rs. 554 to 
850 lakhs annually. Some of the species are listed below with brief 
notes on their utilization. 

1. Bauhinia purpurea Linn. This species yields a fibre, but the 
fibre obtained from B. vahlii, called ‘Malu’ fibre, and B. racemosa are 
more useful. 
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2. munoj/rrma (Lamk.) Taub. Fibre h extracted from bark 

and roots of this species. It is used for makinp cordage and paper, and 
for caulking boats; in villages the fibre is converted into slow matches. 
The leaves arc made into plates and umbrella coverings; they arc also 
used for thatching, wrapping “bidis” and as a substitute for wrapping 
paper. 

3. Calolrepis gif;ar.lea R. Br. and C. freetra R. Hr. (Madar). The 
valuable fibre, bowstring hemp of India, is extracted from tins species. 
It is a fine, strong, silky fibre, with properties of flax. The fibre can 
resist the action of fresh or s.alt water. It is woven into cloth and used 
for making sewing thread, bow-strings, carpets, ropes, bird and fishing 
nets, fishing lines, nooses and tiger traps. The silky floss obtained 
from seeds is u’cd for itiiffing pillows. This species occurs In the 
tropical thorn forest of Rajasthan. 

4. CrelatoTia huthia}lim. The important produce of this shrub 
is its fibre. It is used for cordage, coarse gunny cloth and canvas. 
Other species also yield a fibre called “sann” of similar utility. This 
species occurs in the sanely soils of tropical thorn forest of Rajasthan 
and is easily regenerated by root suckers. 

5. Cifiirdinia htlerepkjlla DONE. (Nilgiri nettle). It is a tall, 
stout, course, erect herb which occurs on the slopes of Mt. Abu in the 
sub-tropical evergreen forests of Rajasthan. It yields a strong, durable, 
soft, beautifully wliiie and silky fibre, 15-50 cm long, resembling ramie 
fibre (Boehmeria nirta) or flax f/.mam usitatisiimum), though it is coarser 
and less lustrous. It is rich in cellulose and resists the action of alkali. 
It is suitable for making gunny bags, coarse cloth and similar articles, 
ll may take a high place amongst textile fibres. 

C. Pandartus ifcloriuj Soland (Kcora, Screw pine). Leaves and 
roots provide useful material. The leaves arc woven into mats, sugar- 
bags, umbrellas and hats. They arc used for thatching and for paper 
making. A valuable fibre is also obtained from the leaves which is 
made into cordage, fishing nets, fishing lines, hunting nets, brush bristles 
and sacking. The fibrous aerial roots arc used for tying baskets, and 
for making mats, baskets, hats, brushes for white-washing and painting. 

7. Sojimidafebri/uga Adr.Juss. (Indian Red wood, Rohun tree, 
Lai chandan). This occurs in Rajasthan at places as indicated earlier 
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and the bark of this species yields a red fiber which is used for making 
ropes. 

8. Grasies : Amongst the various grasses growing in dry teak type 
of forest, Boswellia ierrata type of forest and tropical thorn forests of 
Rajasthan, only Eljsnurus Airtuluj (Vahl.) Muaro is important from the 
fibre point of view, while others are used as fodder grasses in Rajasthan. 
This grass grows abundantly in depressions and shallow valleys on 
lime stone and is also a good fodder (Puri and Jain, I960). The 
root fibre of this species is used as weaver’s brushes. A few other 
grasses are listed below with brief notes on their utilization as fibre 
material, these grasses can be grown in dry and desert areas successfully. 

1. Arijtida tetacea Retz. Grass for screens and brooms. 

2. Arundintlla utosa Trin. Grass for brooms. 

3. Desmosisekya bipinnatti Stapf. (Bragtoslru cynosuroidss Beauv.^. 
Good grass for thatching, ropes and mats and as a mixture for paper* 
pulp. 

4. Eulaliopzis binala Retz. Hubbard (Jschiunum ongastijolium 
Hack.j. Good for paper making, ropes, mats and baskets. 

5. Imptrata cjlindHea (Linn.) P, Beauv. (J. arundlnuta Cyrillj. 
Useful for thatching and paper-making and stuffing pillo\ys. 

6. Saceharum ciliaTt Anders. Suitable for thatching, matting, 
basket and screens. 

7. S. munja Roxb. Yields commercial munj fibre used for making 
baskets, mats, cordage and ropes; leaves for thatching and pajjcr-making. 

8. VtiivtTia iizanioidts (Linn.) Nash. Fine root fibres are woven 
into baskets and curtains “tatties”. Grass can be processed to give 
pulp for straw board. 

The grasses available in' Rajasthan have been found most suitable 
fac raantr/acfcrn? cf palp. Ic tras plaatKd ia 29^ to e^tabUsh ta-o aatts 
during the five years for the manufacture of pulp and card-board. A 
straw board factory has been established at Kota and a variety of 
fodder grasses of Rajasthan State, riz. Polarda {Apluda mulica Linn.), 
Raterda {Thmeda quadrhalvis O. Kuntze), Gandhel [Sehima nervosum 
Roll. StapO and Soorwal {Heteropogm amtortus Linn.) P. Beauv which are 
well suited for the manufacture of straw-board may be used (Anon., 

1968). 
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VII— Bamboos 

Dendrocalamus stmtus Nees is the only bamboo which occurs in 
the forests of Rajasthan covering an area of 940 sq km mainly in the 
dry teak and dry mixed deciduous forests. It generally forms pure 
patches in moist depressions as well as with main associate species. It 
is usually found in the understorcy but sometimes in the upper canopy 
as well. Bamboo forests occur mostly in parts of Chittorgarh, Udaipur, 
Kota, Banswara divisions, and on Abu hills. Bamboo forest covers 
about 2.5 per cent of the total area of Rajasthan. The cutting cycle 
for the exploitation of bamboo forests is prescribed from 3 to 4 years in 
which selective fellings of not less than 2 year old culms is permitted. 

D, slrietus is an important minor forest produce in the State and 
roughly about 120 lakhs of bamboos arc annually exploited from the 
forests. Revenue of Rs. 5.48 lakhs can be obtained from bamboos in 
Rajasthan. It was assessed during 1964-65 that bamboo was utilized to 
the level of Rs. 11,04,796 in Chittorgarh, Udaipur, Bharatpur, Ajmer, 
Kota, Baran, Jhalawar, Banswara and Sirohi. Some of the bamboos 
are locally used for basket-making, curtains (chicks), fencing, house 
construction, carpets, furniture, toys and lathis, and the rest is exported 
outside the State. There is possibility of utilizing surplus bamboo with 
Salat for paper production. 

VIII— Species Providino Miscellaneous Products 

}. Bidi leaves. Leaves of Diospjrros melanoxjlon Roxb. (Tendu) are 
used for manufacturing ‘bidis’. It occurs abundantly in admixture or 
even in small pure patehss almost all over in the forests of the State. 
Leaves are generally collected from 1st March to 30th June. Fresh 
leaves are of much value for bidi wrappers. It was estimated in 1961 
that the revenue of Rs. 1.50 lakhs was obtained from bidi leaves in 
Rajasthan and in 1964-65 bidi leaves were utilized to the level of Rs- 
7,83,192. Leaves of Bauhima raemosa Lam. which occurs in the dry 
teak forests can also be utilized for bidi wrappers. 

This is a developing industry g^iving employment to thousands of 
people, right from plucking of leaves in the forest to the manufacture of 
bidis. In the adjoining Stale of M.P. the work has now been taken up 
departmentally and a corporation has been organized. Rajasthan 
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State can similarly develop, as within a short period the revenue has 
multipled five times in Madhya Pradesh. 

2. Honsj and tcax. These products are already being exploited in 
Chittorgarh, Udaipur, Jodhpur, Bharatpur, Ajmer, Kota, Baran, Bundi, 
Jhalawar, Banswara, Sirohi, Jaipur and Tonk, and during the year 1964- 
65 utilization of the produce was assessed to be Rs. 70,795. It was 
estimated in 1961 to ^-ield the revenue to the tune of Rs. 0.44 lakhs in 
Rajasthan. 

In addition to Cocos coronata Mart, which occurs as an introduced 
species in Rajasthan, Euphorbia antisyphUilica Zucc. can also be intro- 
duced and exploited for candclilla wax which is a substitute for carn- 
auba wax. Wax on leaves of C, coronata is a very important cheap 
substitute for carnauba wax for shoe polishes and for making carbon 
paper. 

Eupkoriia aniisyphiUtica is a native of north-eastern Mexico and 
can be grown in a desert-like area where annual rainfall may be less 
than 100 mm. Wax occurs in a thin film on the stems which is recove- 
red by boiling with water or by extraction with petroleum spirit. 
vesting and wax extraction ts usually carried out in winters, when the 
plant’s supply of wax is at its peak. If fields are allowed a partial rest 
every 3 to 4 years a stand will continue to produce for 12 to 16 years. 

3. Fodder grasses. It has been estimated that a revenue of about 
11.88 lakhs of rupees can be obtained from the grasses and the utiliza- 
tion of the produce as assessed in 1964-65 was to the level of Rs. 6,76,246 
in Rajasthan. Hence grasslands for fodder supply for cattle and sheep 
may be maintained side by side on restricted patches, with suitable 
rotation and management. A list of grasses available for fodder in 
Rajasthan is furnished below : 

ti) Apluda sp. Common in dry teak forests and Boswellia serrata 
and tropical thorn forests. 

(ii) Arislida kystrix Linn. It occurs in dry teak forests. 

(iii) Cenchrus ciltaris Linn. It occurs in tropical thorn forest. 

(iv) Daetyloclenium sindiaim Boiss. Found in tropical thorn forest 
and esteemed as desert fodder. 

(v> DUanthium ennulatum (Forsk.). Stapf. [Andiopogon annulatus 
Forsk.). It is suggested to establish this grass for fodder through trans- 
planting of rooted slips in Jodhpur. 



178 ; Natural Resources op Rajasthan 


fvi) EljonuTus kiTSulus (Vahl.) Muaro. A desert fodder of tropical 
thorn forest. 

(vii) Eragroslris sp. Found in fairly deep soil of BoswtlUa serrata 
type of forest. 

(viii) Heleropogon eoniortus (Linn.) P. Beauv. Found in dry teak 
and BoswelUa strrala type of forests and is esteemed as fodder grass in 
desert areas. 

(ix) Panicum anlidolaU Retz. and P. turgidum Forsk. Found in 
tropical thorn forest and the latter is esteemed as camel fodder. 

(x) Sekma nervosum (Rotl.) Siapf. Found in dry teak forest and 
is said to yield an excellent fodder. 

(xi) Thtmeda guadrivehis O. Kunize. Found in salar type of 
forest and is used as fodder for buffaloes. 


IX- Edible Products Species 

In view of the growing importance for food it is essential to enlist 
some of the edible species as listed below which either occur in 
Rajasthan or which are suitable to be grown in dry or desert areas. It 
will be in the interest of the State to exploit these species properly. 

1. Anacardium occtdentale Linn. (Cashew). Kernel of fruit is 
valuable article of commerce. 

2. Calliganum polygonoiies Linn. Common shrub of Bikaner 
desert. Flowers are edible. 

3. Capparis decidua (Forsk.) Pax, Flower buds and fruits of 

4. Cappasis spinosa Linn. these are used locally in 

pickles. 

5. Cariif j opaca Stapf. Berries are eaten as tarts, puddings and 
vegetables. 

6. Cocos coronata Mart. Fruits edible. Kernels of nuts yield 
57-62% of an oil closely resembling coconut oil in taste and colour. 

7 . Cordia dichotoma Forst. Sweetish fruits are edible, raw or stewed 
or pickled. 

8. Carlaeva religiosa Forst. Fruits are eaten. 

9. Dactjloclenium aegjptiacum Beauv. Grass grain edible. 

10. Ehretia lacsis Roxb. Insipid fruits and bark are edible. 
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11. EmhUca officinalis Gaeitn. Fruits are edible. Utilization of 
the produce as assessed in 1964>-65 was estimated at Rs, 1,38,913 in 
Rajasthan. 

12. Feronia limonia (Linn.) Swingle. Pulp of fruit is eaten with 
or without sugar or as chutney. 

13. Aladhuca indica Gmel. Flowers and fruits edible. Utilization 
of produce as assessed in 1964*65 was valued at Rs. 18,754 in Rajasthan. 

14. Afangifera indica Linn. Fruits arc eaten and also the kernels 
in the form of flour in times of scarcity. 

15. Phonix sp. Ripe fruits are eaten raw and terminal fauds 
make excellent vegetable. Sap which is tapped yields toddy and sugar. 

16. Sahadora eleoides Dene. Sweet fruits are edible fresh or 
dried. Fruits should be taken in small quantities to avoid ulcers in 
mouth. 

17. Sahadora persica Linn. Fruits are edible. 

18. Syzygium cumini (Linn.) Skeels. Fruits are eaten and vinegar 
also is made out of it. 

19. Witkania coagulans Dun. Fruits are used as a vegetable 
rennet. 

20. IZiziphus mauritiana Larok. Ripe fruits are eaten and unripe 
ones are pickled. 

21. Zhiph^ nummulatia W. & A. Ripe fruits are eaten. 

X — CONCLUSIO.NS 

The area of Rajasthan is admittedly dry and very hot in 
summer and is generally poor in vegetation, yet it is not a climatic desert 
.but a biotic one. It will be, therefore, in the interest of the State to 
exploit the existing minor forest products resources by organizing the 
extraction departmentally or through a corporation as in Madhya 
Pradesh. It tvill certainly be advantageous to grow and maintain the 
forests and also introduce new species so that the forest department of 
Rajasthan may obtain the maximum return. 

XI — Summary 

The existing wealth of forest products in Rajasthan other than 
timber has been highlighted in this paper. Suggestions have been put 
forth regarding the proper exploitation of existing species of economic 
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value as sources of minor forest products. Other species which do not 
occur in Rajasthan, but can easily be grown in areas of Rajasthan 
have also been indicated for introduction, in order to add to the 
resources of Rajasthan. Various items of minor forest products or 
non-timber products have been dealt within nine groups, viz., gums 
and resins; tans and dyes, culch and kalha, seed oils; essential 
oil-bearing plants, fibres and flosses and inatcri.tl for mats, ropes, huts, 
brooms and paper, bamboos; bidi leaves, wax, fodder grasses and edible 
species. The species have been recommended for introduction taking 
into consideration the site factors. 
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I— Introduction 

Wind, especially when humidity is Jow, affects crops adversely 
by placing them under high transpiralion stress. It may also cause 
scorching of crops, blowing out of newly seeded grainficlds, sand 
blasting, lodging of grain or rubbing and consequent degrading of 
fruits (Rhee, 1957; Stoeckeler and William, 1949). Wind erosion has 
become a more serious problem in Rajasthan Canal Command Area 
where high velocity winds not only increases evapo-transpiration losses 
but also reduce the capacity of the canals and irrigation channels. 

In any wind erosion control programme, apart from the agronomic 
practices, use of plant communities as sand binders, stabilisation of 
shifting dunes by afforestation, and spraying and raising windbreaks 
rank high. 


II— Sand Binders 

Satyanarayan et al. (1966) in their paper on Dune Ecology distin- 
guished five plant communities, viz. (i) Maytenus tmarginaia and Acacia 
jjcyufmontu community, (ii) MajUnasemarginata and Calligonumpolygonoides 
community, (iii) Calliganum palj/goaoiJes and Balanites aegjpliaca cornmn-- 
nity, (iv) Calligonum polygonoiJes and Panicum turgidum community, and 
(v) Calotropis procera community. 


'Prttenl AiJrtst : UN'E5CO Project ^hnascr. UNDP, P.O. Atwiyab, Baghdad, Iraq. 
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The common plant species constituting these plant communities 

are : 

1. Trees 

Acacia Senegal, 

Small Trees and Shrubs .* Afajtenus emarglnata, Acacia jacguemontii. 
Balanites aegypiiaea, Calligonum potjgonaides, Mimosa kamata, CUrodendrcn 
phlomoides, Caletropis prccera, Ljetum barbarum, Sericoslema pauciJloTum, 
Aerva persica, Lepiadtnia pjrokachniea,Tephrosia purpurea, Crotahria burkia 
and Ziz^phus maritiana. 

2. Creepers and Sedges 

Citrulus colocynthis, Rhyneosia minima and C^perus arenarius. 

3. Grasses 

Cenekrus hijlorus, C. setigerus, C. eiliaris, Docljrhclenium shdicum, 
Eragrostis eiliaris. E, tenella, Panteum turgidum, Lasiurus sindieus and 
Aristida adseensionis. 

It has been found that shifting dunes compared to stabilized dune 
have a much better soil moisture status (Krishnan, 1966) and are, 
therefore, ideal habitat for growing tree and shrub species which not only 
stabilize these dunes effectively but also provide the much needed fodder 
and fire wood for the local population. These dunes should, therefore, be 
stabilized by afforestation and not allowed to become colonized by 
natural vegetation most of which is composed of species of low economic 
value. It is with this view that the Central Arid Zone Research Institute, 
Jodhpur, took up research on development of techniques for stabilization 
of shifting dunes by afforestation. The details of the technique are 
discussed below. 

Ill— Stabilization of Shifting Dunfs 
/. Afforestation 

The first step in dune fixation operation consist of placing closely 
spaced vertical brushwood barriers or micro-wind-breaks, starting from 
the crest to the heel on the windward side of the dune. These barriers 
may either be erected in 5 m parallel strips or in 5 ra* chess board 
pattern depending upon the wind velocity and wind direction. Crotalaria 
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burhia, Leptadenia pjrotachnica, .^t^/iAax nammularia, Aerua pseudotomentosa, 
Caltigonum polj/gonoides, Lasiurtts sindtcus and Panicum turgidum have proved 
to be economical and useful for erecting such barriers as these arc 
locally available. The fixing of brushwood should be completed before 
monsoon (Bhimaya, tt al. 1961). 

The stabilization through afforestation may be brought about by 
sowing of seeds of grasses and creepers and by planting of tree seedlings 
of suitable species. Sowing of the seeds of grasses and creepers should 
be carried out just before the onset of the monsoon in between the 
parallel barriers of brushwood adjacent, but not quite close, to the 
brushwood strips. Among the grass species. Lasiurus sindieui, Panieum 
turgidum, Ceruhrus eiliaris, Eriantkus munja and Cenckrus setigerus, and 
among the creepers, Rhyncosia minima and Citrullus celocynthus have 
proved to be promising for sowing. A word of caution is, however, 
necessary here with regard to the selection of shrub and tree species. It 
should be the aim to restrict the species, as far as possible, to those 
which meet the twin objective, i.e. leaf forage for livestock and fuel 
wood for the local populace. This not only helps in stabilising the 
dune but will also immensely help in augmenting the scarce fodder and 
fuel resource of the region. Direct sowings of these species have not 
consistently given good results and hence planting of the seedlings of 
promising tree species has been preferred as it gave good results. 
Planting should be deep enough (at least 60 cm below dune surface) so -• 
as to lodge the root system in thcTnoist sand pocket. The exact method 
of planting varies with the different species. For example, branch 
-cuttings of Tamarix articulara and Calligonum poljgonoides gave excellent - 
results, whereas planting of pre-sproulcd stumps of Prosopis julifiora, 
Albizzio Itbbek and Dalbergia susoo succcssded well. ^V'hen potted 
seedlings are to be planted it is essential to ensure that the coiled up 
roots are straightened out or cut off before planting or else the coiled 
roots do not penetrate deep and tfte trees after a few years growth tend 
to die. The most successful method of plantation developed at the 
Institute consists of raising seedlings in ‘‘planting bricks*’. These bricks 
are prepared with the help of a wooden or a steel mould 30 cm high, 

10 cm and 15 cm square at top and bottom respectively (Kaul, 1967). 
Planting bricks are made out of a mixture of equal proportions of clay, 
sand and farm yard manure prepared with the requisite amount of 
water and moulded and sundried with a cavity of 2.5 cm diameter and 
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15 cm deep at the top to take the seed or Slump. During the planting 
season these bricks, alongwith the seedlings in them, arc taken out of 
the nursery beds, and planted deep (60 cm below the dune surface) at 
the site with the bricks intact. The planting is carried out at a 
spacemen! of 5x5 m. Tlie success of ‘planting bricks’ depends on the 
fact that roots arc least disturbed during carriage and transplanting, and 
unless the sand blows away completely from the immediate vicinity of 
the plants, the roots do not get exposed to hot winds. Besides this, the 
bricks provide nutrition to the plants in the initiai stages and also 
absorb and retain moisture longer. Recent studies by Kaul and Tyagi 
(1967) on fertilization of ‘planting bricks’ have revealed lh.it seedlings 
of Aiacia lorlilis attained m.aximum current annual height increment of 
2.95 followed by 2.64 m under the treatment combination of 10 gm 
N46 gm P and 15 gm N-i-6 gm P (applied in the form of Ammonium 
Sulphate and Super Phosphate applied per bricks) respectively. 

Afforestation of shifting dunes was carried out in areas receiving 
250'425 mm mean annual rainfall. The data on species performance 
in relation to rainfall is given in Table 1. 


Tahiti. — Survival rainfall and mean annual height increment (tm) ef plant 
species in shifting dune habitats in relativn to rainfall. (After 
Bhimaya ri ei., 1963.) 
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It is seen that the 13 species planted on shifting dunes under the 
difTcrent rainfall regimes showed a definite increase in their survival and 
mean annual height increment from one region to another corresponding 
to the increase in rainfalK Based on the survival and height growth 
exhibited by the different species, Bataniles aegyptiaca, Cordia rolhili, 
Ptoiopis juUjJora (only in non*frosty localities) in regions receiving a 
mean annual rainfall of 200-309 mm and Ailanlhus exctlsa, Albizzia lebbtk 
DalbtTgia sirsea, Piosoph jvtiJloTOy P. cimraua and meTitina 

for regions receiving rainfall of 200-400 mm have been found suitable 
for planting. 

Among the other exotic tree species that were tried, Acacia lortilis 
was found to be extremely promising as a drought-hardy and fast 
gron-ing species; Acacia victorae and Patkinsonia acuUata showed great 
resistance to frost and are, therefore, recommended for hcalities where 
incidence of frost is common. 

It was observed that the natural vegetation that invades the area 
following closure intensely competes with the new planted seedlings for 
moisture and nutrients and, therefore, replacement of casualties cither 
results in failure of seedlings to establish or in their poor growth. 

Cost of A^erestation : The itemized cost of afTorestation of shifting dunes 
worked out comes to Rs. 277 per hectare. This includes cost of fencing 
and mulching materials as well as maintenance during the second and 
third years. 


Table 2 — Itemiz.ed cost of stabilization of shrjling dunes by afforestation 


P»ticulars of wotl 

Cost per 100 ba 
iRs > 

Cost thorn fencing 

7413 

Cost of mulching msterial 1906 head loads 

2328 

Cost of (ixing mulch in 10 it parallel atrips 

1250 

Cost of seedling peoduction 18000 plants SXS meters @ 10 psise per plant 4448 

Cost of transplaaiing— including pitting 

7413 

Coat of maintenance in the?nd & 3ril jearr 

4912 


Total 27,794 _ 


or Rs. 277 per ba. 


If people participation is ensured by the Developmental Agencies, 
the cost of such afforestation will be negligible. 
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Future managminl : The most important task in stabilization of sand 
dune is the after-management of such aflbrested dunes. Consideration 
must be given to long term or permanent closure of such areas, parti- 
cularly near towns, and ihe objective should be to eliminate grazing 
completely. Such rehabilitated dunes within the sound principles of soil 
conservation can best be managed as cut-fodder and fuel reserve. 


2. Sprajirtg of Saiti Dune StabUizetion Oil 

This method consists of (I) protection of the sand dunes by 
fencing to ward off grazing animals. (2) planting of rooted slips of 
grasses and seedlings, and (3) spraying of the dune surface by an emul- 
sion known as Sand Dune Stabilization Oil (SDS). On an average, the 
rate of application of SDS oil was about 2110 litres per ha. Only 
one lance with a 12.5 size nozzle was used for spraying the oil. The 
windward side of the higher dunes vvas given a thicker coverage of the 
SDS oil as these dunes have to face direct impact of high wind 
velocity (Esso, 1964). 

The data on percentage survival of different species recorded at 
the end of one year in both the ueated and the untreated dunes are set 
out in Table 3. 


Table 3~Pereentage surchal of seedlings after ajear of planting on the treated 
and untreated dunes. (ATtcr Esso, 1964.) 


Name or specie! 

Percentae* survivsl 

Tte»(ed Dune Untreated Dune 

Acaria tortiiis 

90-95 

65-70 

Eutetjpiui kjirid 

40 - 45 

Nil 

P’tiopii ]ulifora 


Nil 

Satrhanm manja 


Nil 

lalanthut tpp. 

N.l 

Nil 


The increased percentage of seedling survival of the different 
species in the treated dunes can be attributed to non-exposure of the 
seedling roots and to some extent to better moisture conservation due to 
the oil mulch. 
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Teble 4 — Some of the ileTTU of expenditure incurred j>n sand dune stabilizstion in 
the “Esso Method”. (After Esso, 1964.) 


Particulars of work 

Approximate cost 
for 12 ha (Rs.) 

Esso Sand Dune Stabllisinsoil (10,000 litres) Ex Jaipur 

Seedlings @ 5 paisc per sredlin^ (about 4000 iredlings were planted 

3933 69 

on treated duneal 

4W.21 

Misceltaneaua (Transportation of tneo. material, etc., from Jaipur 

9SS.42 

to tbeSite) 

370.63 

5806 97 


or 5807.00 

Stabilisation cost per ha 

1B400 


The ezpeoditure incurred under this method came to Rs. 484 per 
hectare, excluding the cost of fencing. Besides being more costijr than 
the brich method, it svas observ'ed (bat the thin crust which is formed as 
a result of spraying the oil quite often gets cracked due to the abrasive 
action of the sand'laden winds and thereafter through these cracks the 
wind caves into the dune surface and thus the beneficial efiect of oil 
mulch is loon nullified. 


IV — ShELTERBELTS or \VI^■DBRZAKS 

In India, shclterbclt planting programme on an extensive scale 
was taken up from 1957 to 1959 at the Central Mechanized Farm, 
Suratgarh, where 102 km long shelterbells were successfully raised 
(Bhimaya and Chowdhri, 1961). 

In this project three-row sbelterbelts were raised on either side of 
the roads running- across the pre^'&iliag wfod direction. Dalhergis siscea 
Avas planted as shade row, whereas Acaeta niUliea ssp. indica and ^izjphus 
mauriliana ss-ere grown by seeding in the second and third rows 
respectively. In case of certain row3 only one shelterbelt of three rows 
was planted on the windward side and on the other side only avenue 
plantings were carried out in five roh3 and the species »vere planted in 
the ascending order or their height growth, starting from other edge of 
the boundary svith the shrub rows. 
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1. Spacing Betioem and Within Rows 

The three rows in the road side planting were spaced 3m and 2.5m 
apart, whereas in the case of planting along the out boundary, the first 
two rows of shrubs were spaced 2.5 m from each other and from the last 
three rows of the trees which were planted 3 m apart. Thus the total 
ground width covered by such planting was 5.5 m and 11.0m respective- 
ly. When two belts were planted on cither side of the road then 1 1.0 m 
wide strip of ground was covered by shclterbclt. Accordingly, for each 
1.6 km of shclterbclt planting, an area of land ranging from 0.8 to 1.6 ha 
was covered by the shcltcrhelts depending upon whether it was planted 
on one side or both sides of the road. In the case of the outer boundary 
about 1 ha per 1 km were covered with shcltcrbelts. Within the shade 
row plantings were carried out at a spacement of 3 m, whereas in the 
second row seedlings were planted at I.8m apart. The sowing were 
carried out by dibbling seeds at a distance of 0.3 m apart. 

2. Soil Working 

Ditches trangular in cross section 45 cm In side and 45 cm in depth 
were dug along the planting lines with a mechanical ditcher. Pits 30 cm* 
were dug staggered with each other on cither side of these ditches for 
planting seedling. For species which can be seeded, seeding was carried 
out in the ditch on either side such that the seed sown remains just 
above the irrigation water level which flows in the ditch. Such ditch 
side plantings of shelterbelt on an extensive scale proved very successful. 

3. Tjpt of Planting Slock 

Stump planting from one-year-old seedlings oC Dalbergia sissoo was 
found to succeed better compared to one-year-old nursery raised seed- 
lings, besides these being costlier to transport and establish. Dibbling 
of seeds of Acacia nilotica ssp. indiea at a spacement of 30 cm was carried 
out. 


4. Species Performance 

In all 11 species, viz. DaUergia slsioo, Eucaljrpius spp., Sjrzj/gi^^ 
eumini, Casuarina eguiseelifolia, Magniftra indUa, Creoillia robusta, Jactranda 
ovalifolia, Azadirachta indiea, Kigelia pinnata, Pongamia pinnata and Delonix 
regia were tried for planting. Of these, Dalhergia sissoo has been found 
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to be the most promising. Eucalyptus camalJalertsis initially showed promise 
but was later found to be susceptible to scorching winds. The other 
species cither failed to grow well or did not show the desired form. In 
the subsidiary ro\vs, Morus alba, Sesbania aegypilaca, Leucaena glauca and 
Parkinsonia acultata were tried. Of these, bforus lalba and Sesbania 
aegyptiaca did well. Patktnsonia acultata performed well but its crown, 
being feathry, was not found suitable as a shcltcrbclt species. Leucaena 
glauca did not show much success. 

Of the six species, viz. Acacia nilotica ssp. indica, Prosopls cineraria, 
P, julijiora, ^i^phus nummularia, mauriliana and Pithecellobium dulce 
which were raised by sowing, Aeada nilotica ssp. indica and P, cine-- 
raria did well, whereas the other species were found to be rather slow in 
establishment. Prosopis jutijloro failed to establish. 

5. Interculture 

Due to irrigation, rank growth of weeds and grasses that come up 
adversly compete with the sown and planted seedlings. The common 
tveeds are Cyperus spp., Salsola foettda, Suaeda frulieosa, Haloxylon spp., Calo- 
tropis proeera. Regular and timely weeding was found to be essential 
for succesful establishment of shclterbelt. 

6. Replacement of Casualties 

In the failed patches of sown lines very little success was achieved 
and in such cases it is better to reform the ditches and full scale fresh 
sowing be carried out, whereas in the case of Dalbergia sissoo replacement 
by stump planting carefully done was successful. 

7. Reduction of Sapping J^one 

The effects of sapping, i.e., the competition of tree roots for 
moisture and nourishment with the crops adjoining to windbreaks, is 
very noticeable at the Central Mechanized Farm, Suratgarh. The sap- 
ping effect of windbreaks can be effectively reduced by trenching to cut 
through the roots year after a year (Kclly-Edwards, 1945), or use of a 
sharp bulldozer — mounted blade to a depth of several feet every few 
years (Stoeckeler, 1962; Kaul, 1963). 
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5. CoJf of Raising ShelUrbelts 

On an average, cost per kilometre of a three-row shelterbelt on one 
side and one shade row on the other side of the road works out to Rs, 
330/-. 

S. Suggested Plan for Raising Windbreak in tke Rajasthan Canal Command Area 

Multiple-row shclterbclts arc not only costly to establish but they 
also cover considerable area of the land which otherwise would go for 
crop production with medium to small holdings. This obvious loss of 
land is the main reason why many farmers are reluctant to grow wind- 
breaks. Wind tunnel studies have demonstrated that a narrow shelter- 
belt may be more effective than a wide one, in width of the zone of the 
influences (Den Uyl, 1936; Jensen, 1954; Shaple and Lehane, 1955, and 
Stoeckeler, 1945), Matakin (1934) reported that crop yields are more 
likely to show a reasonable net gain if narrow windbreaks, occupying as 
little as two to five per cent of the gross land area, are used. In view 
of this, for canal command areas, tortiYw alternating with Aeeeia 

gregii within same row is suggested to form a narrow field windbreak. 
Alternatively, two row field windbreak of either (1) Erianthus munja and 
Acacia niloiica ssp. indica or Acacia toriilis, or (2) Acacia tortilis or Acacia 
nilotica ssp. indica and Aforus alba arc suggested. 

To provide good wind protection to crops, using Acacia nilotica ssp. 
indica with a life expectancy of 30 years and an effective height of 5 m 
reached at age of 15 years, initial plantings should be made in parallel 
single row lines 100m aparf. Fifteen years later identical plantings can 
be made 50 m from and parallel to the existing belts. About 15 years 
thereafter SO-year-old trees in the first set of belts should be cleared out, 
used for posts, or small wood and replanted with new seedlings placed 
between the low cut stumps of the recently harvested trees. In low rain- 
fall area, irrigation will be necessary for better establishment of the 
planted seedlings. Intensive cultivation of the shelterbelts is necessary 
for its longevity and its effectiveness (Ferbcr, 1958; Ganguly and Kaul, 
1968; George, 1953; Kaul, 196?; Munns and Stoeckeler, 1946, and Read, 
1968). This system will provide continuous wind protection on a zone 
20 tree height wide. Such field windbreaks occupy a minimum space 
and provide a very simple scheme of management. They arc mostly 
adapted to irrigated land. Extreme care must be taken to continue 
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making replants of all felled spaces to avoid gaps in the belt that would 
reduce its effectiveness as a windscreen. Whereas, for protection of the 
the canal, a multiple-row*windbreat svill be advisable as that will not 
only provide the desired protection to the canal from sand deposition 
but will also serve as a source of revenue by way of firewood or timber. 

V — SUMSIARY 

The technique ofstabilisation of shifting dunes evolved by the Cen- 
tral Arid Zone Research Institute, Jodhpur, consists of (i) protection of 
shifting dunes against all biotic interference, (ii) creating micro-wind- 
breaks in the windward side of the dune, either in 5m parallel strips or 5m* 
chekboard depending upon the wind direction, and (iii) sowing of tree, 
shrub on the leeward side of the microwind creak and planting of seed- 
lings of tree species. Suitable trees, e.g. Aeaeia tortilis, Prosopisjuli fiora 
(in frost-free localities only), Aeaeia victorae (for extremely frosty local- 
ities), Pmopis cineraria. Z^gjpkut maurilhaa, CarJia relkii and CalUganam 
polygonoidts are raised in planting bricks specially designed for the 
purpose. 


VI— References 

Bhimaya, C P. and Chowdhary, M.D. 1962. Plantation of windbrealci in the Central 
Mechanised Farm, Suratgarh An af^raisal of technique of results. Itiian 
Fer., 87 (6) s 354-367. 

Den Uyl, D. 1936. The lone of effective windbreak influence. J. Foretlry, 34 : 689-695 

ESSO : Standard Extern, INC. 1964. Highway sand dune itabiliaatinn with ESSO sand 
dune stabilising oil 9p (Memio) 

Feiber, Arthur E. 1933. Windbreaks in conservation fanning USDA Mist. Fuhl., 758. 

Ganguly, J.K. and Kaul R.N. Wind erosion control /.CA.it. 7«A. Ball. (In press ) 

George, Ernest J. 1953. Thirty one-year results in growing Shelterbelts on the Northern 
Great Plains VSDA Or., 924, 57 pp. 

Jenson, 51. 1954 Shelter eflects : Investigations into (he aerodynamics of shelter and its 
ciTects on climate and crops. 264 pp Copenhagen (Forestry Abs., 16 : 216, 
1955). 

Kaul, R.N. 1%3. Afforestation, Watershed snanagement and Research in Arid and Semi- 
arid Zones of Australia, the U.5.A. and Israel. Fspl. UJ^ESCO Ftlhwship, 
61 pp (Mrmio ) 

Kaul, R.N. and Nambiar, K.T.N. 1956. Exotic trees and shrubs for arid tracts. Mian 
Fmg, 15(10): 185-194. 

Kaul, R.N. Development of Forestry in the AridZone. Proc. Symp. •RtetamalionanJ Land 
Ust o/U’asli Lands in Mta', Fia.Jnst Set, Mia. (inprtss.) 

Kaul, R.N. Sand Dune can be made producUve. /aA«n Fmg (In press.) 

Kelly-Edward, E J. 1945. Forestry notes for con s ervation officers. Part II. Rhtdesia Agric , 
J ,41: 434-444. 



192 : Natural Resources op Rajasthas 


Matiakin, GI. 1934. Rosiachi ShrlKrbeli*. CxperinwAii and invnilsationi, All Union 
Sci Rf5 /njt. for SiliwttlJuro and ihf Jroprovonont of Farmland by 

Foreslation, 5 , 27-63 (U5. Forctt Serv. Tranit 153, 1935, 22 pp) 

Munns, E.N. and Stootkrlrr. Jourphll. 1916, How are the Great Plains Sheltetbrlis ? 

7 rurriljy, 44 : 217-257. 

Read, Ralph A. J950 The Great PJalnj Shellerl>f1l in 1954 AVi “““ • 

411:125 pp. 

Rhee.JA. Van 1957 The cropping of fruil tree* in relation to windbreak protection. 
hit I’ggr resale. A/rd. 33 s 11-17. 

ShapJe, W.J. andLebane,JJ. 19^ The influrnce of field ihellerbelt* and wind velocity, 
evaporation, soil moiilore and crop yield. CsBRad Jour epic. Sti , 35 : 
440-453 


Siofckeler, J H. 1945. Narrow ibeherbelu for «lic southern Great Plains Soil Ciistrv., 
11 ; lC-21). 

Sloeckeler.J.H. 1962. Shelierbelt Influence on Creas Plains Field Environment and Crops. 

VS Dtfil. A£ri. Pioiutlia* Itoi, Itfpotl, 62, 26 pp. 

Sioeckeler,J.l! and Williams, Ross. A 1959. Windbreaks and Sbelterbelis. US. Dipt. 
Ait. rtaiiotk, 1949 : 191-199. 


Discussion 

J.K. Mahnhwari s ffave you alto conducted studies on the utilization of fflarJfime 
grasses like Spartinafowiutiidil and Spiai/t* liiurtatai at toil binder ? 

R N Kaul s I do not think that cheie tpecie* will succeetl in the inland sand dunes. 
We had tried Sp\ni/ta in the past, and >i did not show good performance. 

P.0, Nanda : On the (reward ti>le of the micro-windbreak, hat any attempi been 
made to plant Paniium anlidolaU and Paaityn ivrgtdun which occur naturally in this habitat. 

RN.Kaul s Yet, these species were sown and they succeeded. We, however, 
recommend seeding of Laiint riadirvt which is a high yielding forage species. 

b.K Jam j Dr, Maheshwari >» suggesting Sfaitiaa and Sp>ai/t* tor sandduoet. 
These cannot succeed as their water rc<|uiremenlt are high. 

R.N. Kaul ! Yes, I doubt whether these species will succeed under inland dune 
conditions. As 1 have said, we have irted Spiatfix m the past, but it failed to establish. 

A.K. Chakravatiy : Do you have any information regarding economics of landdune 
flxation and ihellerbellv planting. If so, what is the cost involved and benefit obtained 
from such opctationi ? 

R.N. Kaul : Of the diflerenc habitats in the arid zone, where aFToreitatlon has been 
earned out, shifting sanddunes due to Very conducive soil-water-plant relationship have 
been found to be fdenl habitat lor production forestry. 1 he cost benefit ratio works out 
to 1 : 5. Regarding raising of shetierbcll, this programme can ecooDmlcally and effectively 
be carried out in regions where irrigation facilities exist, such as the Rajasthan Canal 

A1 N Tewari i To tvhat exicist it has been possible to use Aeaeia rartiVii as shelter- 
belts or windbreak} ? 

R.N. Kaul : This species has gone into large scale afforeiiaiion programme through- 
out the country, The growth rate and the form of this species show that this will make a 

very suitable species for planling in sheflcrbelt programme. 



DISTRIBUTION OF ALKALOIDS IN SOME 
ARID ZONE PLANTS 
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( Wii2> 6 ) 

I — Introdoction 

Many leguminoiu plants growing abundantly in arid zone area 
are knon-n by local people for their med/cioal values. Keeping this in 
mind various species, which were kDOwn for their medicinal value but 
were not tested for their alkaloidal content, were tested for the presence 
of alkaloids qualitatively, in their seeds or various plant parts by some 
general methods. 

II— Materials and Methods 

Tests for detection of alkaloids were performed on the seeds of 
some the following leguminous plants and the results obtained were 
positive ; I. Abrus prrcalorius, 2. Prosopis cineraria, 3. P. julifora, 
4. Parkinsonia acvleata, 5. Casta auriatlata, 6. C. occidrntalis, 7. C. 
fistula, 8. Albtzziii lebbek, 9, Mimosa hamata, 10. Clitoria ternatea, 
11. Acacia Senegal, 12, A. tartUis, 13, nilolica. 

The bark, root, stem and Icar’cs of some leguminous arid zone 
plants were tested for the alkaloid presence apart from their seeds. 
These plants were Abrus precatorius, Prosopis cineraria, Prosopis julifiora, 
Parkinsonia aculeata and Mimosa hamala. The alkaloids were detected 
qualitatively by their general precipitating and colour reactions. 

General precipitating reagents used for detection of alkaloids 
include those reagents which when added to solutions of alkaloids 
give insolube or slightly soluble or amorphous or crystalline 
precipitates, and with very dilute solutions of alkaloids a turbidity is 
produced (Cromwell, 1935). To detect alkaloids in solution an extract 

Presf,! AJJrtts s 
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with hydrochloric acid is prepared (Arthur and Cheung, 1960). About 
2 gm of chopped material in a specimen tube was covered with 
5% hydrochloric acid. Three or four drops of the extract so 
obtained were taken with 1 drop of alkaloidal reagent. The 
alkaloidal reagents used were : (1) Mayer’s reagent (potassium 
mercuric iodide), (2) Wagner’s reagent (iodine-potassium iodide), 

(3) DragendorfT’s reagent or Kraut’s reagent (potassium bismuth iodide), 

(4) Marme’s reagent (potassium cadmium iodide), (5) Hager’s reagent 
(saturated solution of Picric acid in benzene), (6) Sonnenschem s 
reagent (phosphomolybdic acid), (7) Scheibler’s reagent (phos- 
photungstic acid), (8) Silicotungstic acid reagent and (9) Tannic acid 
(freshly prepared 5% solution in distilled water). 

The reagents were prepared according to Cromwell (1955). 

Alkaloids as a group give certain colour reactions, which are 
used for detection of small quantities of alkaloids. The general colour 
regents are : (1) Concentrated sulphuric acid, ( 2 ) Concentrated nitric 
acid, (3) Pottassium dichromate solution (5%), and (4) Potassium 
permanganate solution (5%). 

One drop of alkaloid extract prepared is taken on a cavity slide 
and allowed to evoparate. To the residue of alkaloid so obtained a 
drop of colour reagent is added and effect observed. The colour 
reactions are compared with those which are obtained from a sample 
known to contain definite quantities of alkaloids. 


Tablt 1. J^ame of the plants of which seeds were examined 
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III— Observations and Discussion 

The seeds of Airus prefatorious were reported to contain indole 
alkaloids by Henry (1949). Alkaloids* presence was reported in many 
other species of plants used for these investigations, but not in the plants 
taken for the present investigation. The presence of alkaloids in seeds 
of different plants have been recorded in Table 1, and in seeds and 
different parts of various plants in Tables 2*6. Potassium dichromatc 
solution gives a deep yellow to orange solution with the alkaloid 
residue and Potassium permangnaie solution is decolourised. The 
strength of precipitates obtained by different reagents, i.e. Mayer’s 
reagent (M), Wagner’s reagent (W). Dragendorff’s reagent (D), Marme’s 
reagent (cd), Hager’s reagent (P), Tannic acid (T), Sonncnschcin’s 
reagent (S) and Scheiplcr’s reagent (PW) has been judged by eye and 
observations were recorded thus : xxxx ® very strong precipitate; 
XXX - strong precipitate; xx - moderate precipitate; x *■ negligible 
precipitate and — •» no precipitate (Arthur, 1962). 


Table 2. DeUetion of alkaloids in Abrus precatorius 


Re«g«nt 


Pan of ili 

e pUnt extract * 


Seed 

Da>k 

Root 

Stem 

Leaf 

M 

«x 

xx 

XXX 

XXX 


W 

»x 

XX 

IXX 

XXX 

XXX 

D 


XXX 

xxxx 


xxxx 

Cd 


IXX 

XXX 

XXX 

XXX 

P 

XXX 

XXX 

XXX 

XXX 

zxx 

T 

XXX 

XXX 

XXX 

xxxx 

xxxx 

S 

XX 

XX 

XX 

XX 

XXX 

PW 

XX 

XX 

XX 

XX 

XIX 

Table 2. Dettetion of alkaloids ib Prosonis cineraria 



Parti of ibe pUni 




S«d 

Dari 

Root 

Stem 

Leaf 

M 


XXX 

XXX 

XXX 

XXX 

\S 

xxxx 

XXX 

XXX 

xx 

XX 

D 

xxxx 

xxxx 

xxxx 

XXX 

XXX 

Cd 

XXX 

XX 

XX 


z 

P 

XXX 

XXX 

XX 

X 

X 

T 

xxxx 

xxxx 

XXX 

XX 

XX 

S 

XX 

XXX 



XX 

r\v 

XXX 

XX 



X 
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Tablt 4. DtUclidtt of alkaloids in Prosopis juliflora 



Tabu 5. Dtliclion of alkaloids in Parkinsonia aculeata 




Root 
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Errera (1887, 1889) and his school, during their extensive investi- 
gations on the distribution of alkaloids, used phosphomolybdic acid, 
Mayer’s reagent, Picric acid, Tannic acid, mercuric chloride and platinic 
achloride, etc. However , Errera preferred Bouschardt’s reagent ( I3-KI 
solution). Arthur (1961) used Wagner’s reagent, Mayer’s reagent, 
DragendorfT’s reagent, silicolungstic acid and phosphotungsiic acid. 
Observations made during present investigations indicate that Mayer’s 
reagent, Wagner’s reagent, DragendorfiTs reagent and tannic acid give 
strong precicitates and they should be preferred. 

IV — Summary 

A general survey of the distribution of alkaloids in different parts 
of the plants growing in arid area of western Rajasthan has been made. 
The plants studied arc Airtu precalorius, Prosopis cineraria, P. jalifora, 
Parkinsonia aeuUata, Cassia occidtntalis, C. auticulata, C> fistula, Albezzia 
lebbek, Mimosa hamata, Acacia Senegal, A, nilotica and A^ torlila. 
Seeds of all the plants examined by the use of eight different 
precipitating and colouring reagents indicated presence of alkaloids. In 
Ahrus precatorius, Ptosopis cineraria, Parkinsonia oeuteata and Prosopis 
julifiora alkaloids could be detected in the seeds, bark, root, stem 
and leaves. Extent of their distribution in relation to their age and 
the quantity obtained by the precipitating reagent have been presented 
in Tables I-6. 
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I — Introduction 

A major part of western Rajasthan is covered with enormous 
amount of wind blown sand and dunes of various types. The rugged 
bills of the Aravalli system and the saline areas comprise yet another 
habitat in the area. In such situations vegetation is of potential impor- 
tance for its several beneficial influences on the climate and soil and 
also for its protective and productive functions. Improving the eco- 
nomy of the arid areas would mean settling the nomadic population, 
providing alternative jobs for agriculturists by developing agro-indus- 
tries mainly based on the plants and animal husbandry, thereby reduc- 
ing pressure on the land. A few agro-Industrics which could possibly 
be developed in the region are described in these pages. The infor- 
mation is based mainly on the data collected by the authors during 
their surveys in the region for the past few years. 

II — PtANT Resources 

The plant resources of western Rajasthan may be broadly classified 
as froduclive and frotective plant resources. The productive plant 
resources may also work as protective elements in the conser- 
vation of soil and water resources, but the protective plant resources 
are mainly the soil binders, wind breaks and shelter belts which have 
not been dealt with in this note though their importance in imporving 
Pnsent Aidriss s 
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the socio-economic conditions cannot be underestimated. The produc- 
tive plant resources have been fnrther elassified as follows; 

1. Plants used for fibres, mats, baskets and Sirlii industry. 

2. Plants providing soft wood for malcbstick and paperpulp. 

3. Plants providing gums, resins. 

4. Plants providing dyes and tannins. 

5. Plants providing non-edibic oils. 

6. Plants used as food adjuncts. 

7. Medicinal plants. 

8. Plants providing fodder for the livestock for milk and meat. 

Observations on their distribution and potentialities for exploita- 
tion for developing some cottage industries from each group are 
discussed below. 

1. Plants Used for Fibres, Mats, Basket and Sirki Industry 

This industry has a very wide scope of development in this tract. 
Many plants naturally occurring in the area are locally used for the 
extraction of fibre and manufacture of cordages and ropes. Bast o 
Bauhinia raeemosa (Kachnar), Aeaeta jac^emontii (Bawali), A. nilotica. 
ssp. indica (Kikar) and A. leueophloea {Reonja) is used in Pali, SIrohi 
and Jalore districts for making ropes. Such ropes last for 20-30 days 
when used constantly for taking out water from the wells for irrigation. 
Branches of Lepiadenia pyrotecknica (Khemp) and Crotalaria burhia 
(Sannia) are locally twisted for rough cordage. These two plants are 
very common in the sandy tract on hummocky terrain where the 
topography is undulating and on the sand dunes. A few plants 
not in much use but providing fibre of good quality are : Sida 
acuta, S, rkombifolia, Abutilon indteum, A. polyandrum, Triumfetla bartramta, 
etc. Stem of Sesbania bispinosa and S, sesban, sometimes weeds, m 
Bajra and Guar fields, give fibre which may be utilised as a substitute 
for hemp. Floss from the fruits of Calotropis procera is twined locally 
and used for making cords which arc employed for weaving cots. The 
dried stem of the plant is the common source of wood for making roofs 
of the huts, locally called ‘Jhonpas*. The inflorescence Aerva peisica 
and A, pseudotomintosa (Bui, Buida) at maturity gives a floss which is used 
for stufiing pillows. The stem of Aesekemont indica, a plant growing on 
sandy ^am soils, gives a soft wood which is utilised for making hats. 
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Soft twigs of Acacia nilolica ssp. indica, A. Jaeyumonii, SalvaJora 
oleoides, Tefihrosta JalciJemis are used for making baskets. Twigs of 
Alhagi-J>seud-alAa£i ( Jawasa) are also used for making baskets. Imperata 
arurtdinacca, F</irfria zizonoides and Tjpha, all from aquatic habitats 
on the bunds of the canal sites, tanks and water reservoirs, are used 
for making sirkis, fans and mats. Vilex negundo (Samla), a plant found 
on the riverbed terraces, gives excellent and durable baskets. So also 
Tamarix aphjlla ( Jhau) and T. diocia, occuring on the islets of river Jawai 
and Luni. Branches of the local grasses and other plants are used for 
making brooms which are sometimes sold in the market. Among the 
grasses Aristida sttaeea, A. adseenstonis and Eremopogon foceolalus are the 
common species used locally along with branches of T'amarix.Gro/a/arj'a 
and many other plants. 

The ecological characters of these species are described in Table 
1 showing their habit, habitat, associates, crown cover, density and 
frequency as recorded during various surveys. This gives an idea about 
the ecological amplitude of the species which may be useful while 
selecting the species for introduction in similar enviornment. Besides the 
indigenous species, some exotics may also be tried in order to improve 
the existing resources which are discussed separately. 

2. Plants providing Soft Wood for Matchstiek, Sports Goods and Paper Pulp 

The importance of soft wood in various industries need not be 
stressed. Ailanthes excflsa {Araa), growing to the height of a tree, is 
cultivated around the irrigated areas and on field boundaries on sandy 
loam to sandy clay loam soils in Jalore, Pali and Jodhpur. The wood 
is suitable for making newsprint and for matchsticks. Dalbergia sissoo 
(Shisham), a plant of fairly deep cla^-sandy loam soil, provides pulp 
for paper. Other plant species which may be used are Moringa oleifera 
which grows well on the field boundaries. Rieinus communis (Arand), 
which may he cultivated on sandy loam to sandy clay loam soils with 
or without irrigation, would provide pulp for writing and printing 
board from the stocks. The wood of Moringa is of special value for 
making shuttles and picking sticks which arc used in textile industry. 

Several grasses like Heliropogon contortus (Siyan, Surwal), Saccharum 
sponlancum (Kans), S. munja (Munj) arc useful for paper pulp manufacture. 
There are vast areas of wastelands where these grasses may be encou- 
raged by protection from grazing. *J3 iVj’ in districts Pali, Jalore and 
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true gum arabic. Gum from Prosopis julijiora trees has recently been 
exploited in some areas and is a good source of revenue to the forest 
department. 

Commiphora wightii (Gugal), a plant of the rocky and semi-rocky 
sites and piedmont slopes, gives Indian bdleium, which is obtained by 
the incision of the bark. Since the method of tapping followed locally 
is crude and unscientiiic the yield is low and the gum obtained is of 
poor quality which often results in the death of the tapped trees. 

Butea monosperma (Palas), though not a very common plant in this 
region, occurs only on the foothills of the Aravallis on medium heavy 
soils having good drainage and has a limited scope of exploitation in 
the region. The plant yields gum which is sold in the market as 
‘Kamarkas* and the plant is a host for lac insects. 

Table 2 gives the ecological features of the gummiferous plants of 
western Rajasthan, 


4. Plants Providing Dyt and Tannins 

With the introduction of synthetic dyes the use of plant part as 
dyeing material is not much in vogue. Some of the plant dyes are still 
in use in this region, eg. turmeric is widely used for dyeing clothes. 
Plant dye industry may prove to be of local importance. Some of the 
plants which yield dye are Balea monosperma (yellow dye from flowers), 
Arnebia hispidisma (ycllo\v dye from roots), Rumex dentatus, Morinda tinetoria 
(yellow dye from roots), iVrightia tinetoria (blue dye from flowers). 
Indigojera tinetoria (necl) has a wide distribution in the area. Lawsonia 
indica (Mehandi) is widely cultivated near Sojat and is a very good 
industry. 

Plant like Cassia auriculata (Anwal), Accaeia leueophloea (Reonja), A. 
niloliea ssp. indica (Babul), A, iaeguemontii, Dickroslacfijn cinerea, Rhus 
m^sorensis, Zizyphus mauritiana (Bordi) Z' nummularia, Tamarix troupii and 
T. aphylla are the local plants available as source of tanning material 
and are used extensively. 

5. Plants Providing JiPon-edihle Oils 

During lecent years non-edible oil industry has seen much develop- 
ment as a regular trade commodity. The main difficulty experienced 
in the development of the industry is the uneconomic collection of 



pianU/h 


204 : Natural Resources op Rajajthan 




Gupta asd Sasena : Ecouxaau. Stcths : 205 


true gum arabic. Gum from Presopts julijtcTa trees has recently been 
exploited in some areas and is a good source of re%'enue to the forest 
department. 

CommiphoTa (Gugal), a plant of the rocky and semi-rocky 

sites and piedmont slopes, gives Indian bdleium, which is obtained by 
the incision of the bark. Since the method of tapping followed locally 
is crude and unscientihe the peld is low and the gum obtained is of 
poor quality which often results in the death of the tapped trees. 

Butia monaspema (Palas), though not a very common plant in this 
region, occurs only on the foothills of the AravalUs on medium heavy 
soib having good drainage and has a limited scope of exploitation in 
the region. The plant yoelds gum which is sold in the market as 
‘A'emartai’ and the plant is a host for lac insects. 

Table 2 gives the ecological features of the gumroiferous plants of 
western Rajasthan. 


4. Phnls Prcciding Dje and T annins 


IVith the introduction of synthetic dyes the use of plant part ** 
dyeing material Is not much in vogue. Some of the plant dyes are still 
in use in this region, eg. turmeric is widely used for dyeing clothes. 
Plant dye industry may prove to be of local iropottance. Some of the 
plants which yield dye are Butea monosperma (yellow dye from 
Arntbia hispidima (yellow dye from roots). Rumex dailatus, 

(yellow dye from roots), Wrightia tinctoria (blue dye fro™ 
hdigojrra tinctaria (ncel) has a wide distribution in good 

inJiea (Mcbandi) is widely cultivated near Sojat and is ® 

Plant like CorriJ auriculala (Anwal), Accecia cinertx, 

ailoljca ssp. \ndica (Babul), A. iaequmantii, treupH aud 

njioTensii, p^izjpkus mauTiliana (Bordi) Z' janning 

T . aphjlla arc the local plants as'ailable as sourc 
and are used extensively. 


5. rtolJ ° d„cloi>- 

During trccn. year. non-edMf oil o.prncnc.d 

ment a* a regular trade comirtod'D • uneconomic collection 

in the development of the industry 



Table 2. Ecological features of seme gum yielding plants in western Rajasthan 
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osopisJMJtoTt Tree/ Roadjide pUa- Wood land p. tinetme, A. tatephioia, 

ihrub taiion and AiAitrathta tnA'ea, AUittia 
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seeds and their standardisation. Salvadora oleoides and S. persica are the 
potential source in western Rajasthan (Gupta and Saxena, 1966} as 
shown by their distribution based on air-photo studies. Other sources 
which may be worthy of tapping are the seeds of CilTuUus colocynlhis 
(tastumba) C. lanalus (Matira), Azadirachta indica (Nccm) and Pongamia 
pinnate. Cultivation of Ricims communis has a very wide scope as a 
cash crop. Matira has a wast potential for edible oils, and scientihe 
cultivation of this plant is very desirable over large areas in view of oil 
scarcity in the country. 

6. Plants Used as Food Adjuncts 

Many plants in the region arc used as food either as delicacies or 
during the famine and scarcity periods. Some of these are regularly 
used for increasing the bulk of the cereals without any ill effects on the 
health. These have been described separately in detail (Gupta and 
Kanodia, 1967j Gupta, 1967; Kanodia and Gupta, 1968). The potential 
ones with higher nutritive value may be looked upon as a good source 
for relieving pressure on the cultivated and conventional foods. 

7. Medicinal Plants 

In most cases our knowledge of the medicinal plants used depend 
upon the local uses to which the plants are employed (Gupta et al., 1966) 
and much remains to be done regarding their active principle, chemical 
composition and alkaloid contents. It may be pointed out that the 
abundance of a medicinal plant in its wild state may not be a source of 
wealth and much depends upon its marketability, which is conditioned 
by economic factors, improvement of yields, primary processing and 
with due provision for the preservation of the' species against over- 
grazing and destructive collection methods. Since it has been recorded 
ihzt a Pairiy wide range oP xerophiloxa pSassts are now raised in quantity 
in regions of much lower aridity, with markedly higher yield, tests could 
be made to indicate the likelihood of the same crops paying in arid zone, 
using similarly selected strains or ecotypes. Recent trials with some 
plants like Plantago ovata and Antthujn sosoa are quite encouraging. 

Some of the plants Sarcostemna ecidum (Khurasani tanta), Azadirachta 
indica, etc. are used as insecticides but on a limited scale. Decoction 
from the plants of Sarcostemma eeidam and J^erium indicum is sometimes 
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used to destroy white ants and bugs while the leaves of Azadirackta iniica 
are placed in boxes to repel insects and preserve wollcns. The bulb of 
Urginea indica ( Jangli-Kanda) is a source for raticide. Tephrosia purpurea 
is the common source of rotenone having insccticical properties. 

5. Plants Providing Fodder to Livestock for Milk and Aleat 

Animal husbandry is the main subsidiary activity in this tract and 
much is needed to put this industry on a firrn footing. Due to high 
animal population, and unmanaged and uncontrolled grazing, the natural 
pastures are very much degraded. This has resulted in the growth of 
unpalatable, less nutritive and regressive annual species like Aristida sp., 
Alelanecenehrts jaequemenlii and Tephrosia purpurea at the expense of pala- 
table, more nutritive, perennial species like Cenehrus eiliaris, C. setigerus, 
Lasiurus sindicus, Diehonthium annulolvm, etc. It is, therefore, imperative 
that proper range management practices should be adopted in order to 
improve the existing pastures, thus Increasing the animal productivity. 
Ecological studies on these resources have been made by diiTerent 
authors. Since tliese arc described elsewhere in detail (Gupta, 1971; 
Gupta and Sharma, 1971) the space does not permit to do full justice to 
the problem. 


Ill— Improvement of Pij^nt Resources 

The plant resources in the region may be improved firstly by 
planting suitable species oi economic importance from the analogous 
climatic regions, and secondly by improving the stock of the existing 
species by various biological means. Conservation of the existing plant 
resources from over-exploitation by suitable management practices is of 
considerable significance in the arid regions. 

For selecting plants from the analogous climatic regions a thoro- 
ugh understanding of the ecological, physiological and genetic basis of 
the drought resistance is necessary. Significant success may be achieved 
by introducing plants from similar climatic conditions but it would 
require detailed study of the individual species in its homeland and its 
adaptability to the local conditions. Great difficulty is experienced in 
view of the incomplete floras giving information on the biology of the 
plant species. Recently attempts to acclimatise and cultivate the exotics 
like Agave, Eucalvbtus, Acacia and Commiphoras in the arid regions have 
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been partially successful. Existing plant resources may be improved 
iirstly-by conserving them by protection from overgrazing, cutting and 
lopping, etc. and by improving the strains of the exisiting varieties 
through genetic means. For such studies the autecological studies play 
a vital role in understanding the ecological amplitude, moisture require- 
ments, flowering and fruiting behaviour and Anally the chemical 
composition, active principle and alkaloid contents of the plant species 
to be introduced. 


IV — Summary 

Major part of western Rajasthan is covered with enormous amount 
of wind blown sand and dunes of various types. The rugged hills of 
the Aravalli system and the saline areas provide other habitats. 
The vegetation on such habitats is of potential importance for its 
protective and productive functions since a large proportion of the 
population is engaged in agriculture. A permanent approach for soil 
conservation in the tract and improvement of the economic condition 
of the population lies in successful introduction of economically 
important plants so that some agro-industries in the region may be 
developed. Ecological surveys in the region have revealed that 
there are certain plants available in the region which are used for 
various industries like flbre, basket, soft wood, gums and resins, 
dyes, tannin, medicine and forage. Ecological attributes of such 
plants on difi'erent land forms are described along with the suggestions 
for their improvement. 


V — References 

AbiebaodaDi, C.T. 1964. Genesu, morpboloCT arid rone loiii. Unttn 

Sjmpasium ea Ptablms »f Indian Arid (Mimeo.) 

^.v^uaiion o1 sdft.Vnrfnopc Vitnin/o 'm “Ait Vnvt- 
grated Land Resources of arid zone of W. Rajailfaan. U/uset ctnfrnnet tn 
atrial rantj ttadut tj lularal nsasrrrr, Toulouse. 

I.G A.R., 1960. Final report of tbe All India Soil Survey Scheme. Bull, No. 73. 

Bond, W.R.G. 1919 DUlTibudoa of Sudan Acacias. Sudan PCctts and Rteatdt. btaero- 
quodale & Co , 2 : 81-89. 

Chevalier, A. 1924. Sur la productioo de la goimne arsbique en Afrlque occidentale 
nancaise. Brt. Bat. Appt., 46 : 266-263. 

Cb^valier, A. 19.:8. Reviiioo du Acacia du Nord, de I’Ouest et du Centre Africame. Bte, 

Bol.Appl.,6 : 46-53. 123, 131 , 197-207,263 271,337-363,432-434.574.579. 
643-650, 707-715. 



Gupta and Saxena : Ecolocicae Studies : 211 


A.K. Chalr^varfy : The author enumerated «^riou* epecies of plants which are used in 
cottage industries etc Is there any ioibimalion about marketing, cost of production, 
internal or external trade, etc. with regard to the plant material used for industries ? 

R.K. Gupta : The su^eslion is worth consideration and some work may be taken up 
by economists or some other agency in this direettoa. 
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I — Introduction 

Despite a great surge of interest in the physiology of seed germina- 
tion in recent years, many gaps still exist in our knowledge and under- 
standing of the mechanisms that regulate germination of seeds of plants 
inhabiting arid regions (Mayer and Mayber, 1963). It is more so with 
the plants of Rajasthan desert, as comparatively few studies have 
been made so far as germination of seeds of the plants of this region is 
concerned. Inspire of the fact that germination does not present much 
of a problem with the seeds of most of crops grown in this State (Singh, 
1968), seeds of a large number of arid zone plants of much economic 
value indicate severe reluctance to germination. Moreover, problems 
in seed physiology that seem simple and settled by experiments carried 
out in the past would possibly need a thorough reworking and revalua- 
tion by a suitable combination of appropriate’ physiological methods 
and new biochemical techniques that are now being increasingly 
developed (Crocker and Barton. 1957). 

The investigation reported in this paper forms only a part of a 
larger scheme of research on germination of seeds of arid zone plants. 
It was planned to furnish the information regarding hydro-physiological 
relations of seeds of Prosopis dneraria pertaining to imbibition and 
germination. 

Prosopis ctneraria, commonly known as Khejadi, is one of those 
few typical desert inhabiting plant species, which exhibits excellent 
survival potentiality in dry and barren areas of Rajasthan desert. In the 
extreme heat of arid summers when other plants are rarely visible over 
vast areas, this tree apparently withstands destructive effects of prevail- 
ing high temperature and drought because of persistant scarcity of water. 
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Probabl) it surpasses almost all other trees of this desert in its capacity 
to tolerate different climatic hazards and to survive tvcH c\Tn under 
hostile conditions. 

Prosopb nerrcriii is a moderate sized thorny tree. It had been 
recommended as a sand binder for arid areas. It yields a vert’ hard 
wood which makes cacellenl fuel and charcoal. The pods and leaves 
are used as fodder (Badiiwar, Dcy and GrifDth, 194b). Its imripcned 
green fruits are locally used as \cgctable and are known by the name of 
‘Sangrian’, which together with the seeds of Acana ser.igal known as 
‘Kumalia’ and green fruits of CeppatU iiciiua known as AVrr, make 
a local \egetable dish ‘Pachkuta*. 

II— Material and Methods 

Prostpu eintreTia 6otvcfs in November. The fruiting starts from 
the month of March and continues till June. Naturally mature seeds 
could mostly be collected during May and June. The seeds experi* 
mented with were collected in the year 1963. The seeds were separated 
frozn pods, and then cleaned and stored in glass bottles. 

There were 10 to 15 seeds in each pod. The seeds are sub-com’cx, 
slightly unequal at hilum with a peakdike small conical projection 
towards the hilum with a big centrally placed arcole 3.5x3.8 mm. The 
seeds are 5 to 7 mm. long, 3 to 4 mm. tvide and 1.7 to 3 mm. thick. 

Imbibition studies were initially made by noting the differences in 
weight and ^oluIne of imbibed seeds as compared to those of the intact 
seeds, and then in subsequent eiperimcnls only by obsers’ations made 
by the nacked eye. All the experiments pertaining to imbibition or 
germination were carried out in aseptic laboratory conditions of light 
and temperature with sterilized seeds and in sterilized petri dishes in 
the usual manner. 

Seeds were considered to have germinated when the emerging 
radicle was easily visible. The dishes were examined at intervals of 18 
to 24 hours. In general, three replicates of 50 seeds each rvere used for 
each experiment. 

Imbibition and germination studies were made in order to note 
the effect of different levels of moisture (i) by placing the seeds directly 
on moist filter paper in petri dishes, (ii) by keeping the seeds under 
water, and (iii) by transferring the tvatcr-imbibed seeds to petri dishes. 
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i.c.. by placing them first under water and thereafter transferring them 
to petri dishes. The results were recorded separately. 

The green, half mature and mature seeds having different moisture 
content were taken in order to study the relation of the moisture content 
of seeds to the permeability of the seed coat and germination of the 
seeds. 

Moisture contents of the seeds were determined in the following 

way : 

First of all the fresh seeds having different moisture content were 
weighed accurately and separately in each case in a crucible of known 
weight. They were then placed m a hot air oven at for 24 hours 

and then at 80°C to 90°C for 24 hours. Crucibles containing seeds 
were then taken out from the oven and kept in a desiccator and dry 
■weight was noted. This process of drying and desiccating was repeated 
till constant weight was obtained. By substracting final weight from 
original weight, the moisture content was determined. 

Ill— Results and Discussion 

As in the cases of most other leguminous seeds, these seeds are 
characterised by hard impermeable seed*coat which is one of the main 
causes of failure of germination. That is why the study relating to 
moisture content assumes importance and appears to be essential. Such 
investigation might throw light on the problems as to when, in the 
course of maturation, the seed coat would become impermeable. The 
moisture content directly influences viability, maturity and permeability 
of seeds and, in turn, the processes of imbibition and germination. 

The increase in weight and volume of seeds due to imbibition has 
been indicated in Table I, 


Table J, Increase in tceigkt end talame due to iniiiition ef tcaler 
bj the seeds of Prosopis nnereTia 




OriftfkAl 

wrlgtil* 

voluen'of 

Wrijht/ 

rwlitfat of 

irebibrd 

t’elumo 

of 

tVrisKt iq irm 

ICO 



8is:o 

In ml 

ICO 

AXO 

to to 

SOI 
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It can be calculated by analysing the data presented in Table 1 
that a single seed of average 49 mg. in weight requires 85 mg. of water 
by weight and 6 ml. by volume, for imbibition and early germination. If 
the size of the seed is considered by its length and if it is correlated with 
the amount of water which is needed for imbibition and germination, 
an interesting relationship emerges. The length of the seed happens to 
be 5 to 7 mm and the water requirement for its germination is 6 ml.; it 
would mean that about 1 mm. of the seed length would require 1 ml. of 
water to be absorbed for its germination, Baxi{1965) reported that 
the seeds of Indigojera cordifolta were found to germinate even if a 
single seed was able to get less than one milligram of water at the time 
of germination provided that other conditions were favourable. The 
average seed weight of hdigojtra eordtfolia seeds is also much less than 
one mg. each. In the present case, of the seeds of Prosopis cineraria, 
the average weight of a single seed is 49 mgs. and the water require- 
ment by wtighl is less than double of the original seed weight. So it 
would almost be equal in both cases if the ratio of the water requirement 
by weight and the original seed weight Is taken into consideration. TJiis 
comparision is interesting when it Is correlated with the above obser- 
vation that the water requirement could be considered as related to the 
seed length. The requirement of water for imbibition of seeds could 
thus be considered as bearing a definite relation to the size and weight 
of the seed. 

The moisture content of fresh seeds was found to be 14.40 percent 
at the time of their collection. But a steady decrease in moisture con- 
tents was observed with the increase in storage period. The results have 
been incoiporated in Table 2. 


Table 2, Seeds of Prosopis etaeraria showing steady decrease in moisture 
lonltnts with the inerteue of storage period 

Slorage Frriod Pcrccnia^e moijjure conrejit 

0 montlis 14 40 

4 moDlhs 9.70 

12 moiuhs 7,78 
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The reduction of moisture content might possibly help in preserv- 
ing the viability of the seeds for a longer time. This probably affords 
a clue to the problem as to why seeds of desert plants have been found 
to remain viable for longer periods. 

The relation of the moisture content of the seeds to the perme- 
ability of the seedcoat and germination of seeds was studied in respect 
of green, half mature and mature seeds, having different moisture 
levels. It was observed that the permeability decreased with decrease 
of moisture content. The data have been presented in Table 3. 


T able 3. Relation of moisture content to the imbibition and germination of seeds of 
Prosopis cineraria 


Mohture 

pereeouge 

Seeds direeiiy placed «i 

n petridithei 

Sceda firit soaked in water and then 
plaeed in petridishci 

Imbibition 

pereeatage 

Cemiaaiion 

percentage 

Oemiiaalion 
percentage 
on remeval 
of aeed-coat 

Inbibition 

percentage 

Ceminatien 

percentage 

UenDinaiioo 
perceaiage 
on rmo>aI 
ofKed-coat 

G6.35 

100 

4 

40 

too 

5 

15 

30.55 

100 

80 

eo 

100 

85 

85 

14 40 

60 

23 

25 

63 

25 

26 

9.70 

20 

20 

20 

20 

20 

20 

7.70 

IS 

12 

13 

>8 

17 

17 


At the moisture level of 66.35% the seeds indicated 100% perme- 
ability to water, but only 4% seeds were found to germinate; but after 
removal of the seed coat, germination increased to 40% in case of seeds 
kept directly in petridishes. At the same time 5% germination was 
found in seeds which were presoaked in water for imbibition for 24 hours 
and then placed in petri dishes for germination; germination, however, 
increased to 15% if the seed coats were removed. It would tend to 
indicate that seeds were injured by excess of water soaking. The 
moisture level of the seeds at 38.55% also indicated 100% permeability 
to water, but germin-ation unexpectedly increased to as liigh as 80^o. 
The removal of seed-coat did not bring about any increase in germi- 
nation. ^Vi^h seeds at 14.40% moisture Ie\el, permeability to water was 
only 60% and germination was found to be 23% which increased by 
only 2% with the removal of the seed coats. With seeds at 9.70 and 
7.78% moisture levels respectively, only 20 and 13% seeds were found to 
be permeable to water and remaining fiO to 87% seeds were characterised 
by different permeability, i.e., they became permeable irregularly and at 
different times. Almost all the imbibed seeds germinated. 
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Information so far obtained by other Nvorkcrs regarding the 
relation of moisture content of developing seeds to their impermeability 
and germination consisted largely of isolated facts. In this respect the 
reports of Helgeson (1932); Hutton and Porter (1937); Brown and Porter 
(1942); Raleigh (1943). Porter (1949) and Kamal Mohnot (1965 and 1966) 
are of considerable importance. 


Table 4- Imbibition and Germination of seeds of Prosopis cineraria at different 
{tD({s of woUr 


■Levels of waret 


pereeniage 


•Absolule 

gcnnMvalvon 

percetuage 


■•Cc 

S'- 



rentage 


Underwater 12 1> 92 

Inpetitdisb 12 II 92 

FJrtt under water and flwti In peiridtsh 18 If 94 


*The term 'Absolute germination pereeniage’ bas been used to indicate tbe relation of 
germinating seeds to the initial number of seeds, i e . (be percentage aa calculated on tbe 
bMti of tbe octs<t>al oumber of teeds tabea 

*'Tbe term 'Correlative germination percentage' has been used to indicate the correlation of 
tbe genninatiog seeds to the number of imbibed seeds, > e., tbe percentage of gemination aa 
cakulatedon tbe basis of tbe number of imbibed seeds 


Table 4 indicates that germmation percentage was comparatively 
higher in case of seeds first kept in water for soaking and then transferred 
to petridishes for germination than la the case of seeds which were 
cither kept in water for germination or which were kept on petridishes 
without being first kept in water. Though the overall absolute getmina* 
tion percentage attained by any of these methods in laboratory 
conditions was not high, correlative germination percentage was quite 
significant in each case, attaining a value of as much as 92 to 94%, 
meaning thereby that the embryo of the seed was not dormant. The 
observations reported by Mormaga (1926) on these lines are significant 
in this connection. 
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V — Summary 

/’fwo/'w mfrarifli commonly known as /TA/jfli/j, is one of those few 
typical desert inhabiting species, which exhibits excellent survival in dry 
and barren areas of Rajasthan desert. 

The relation of the moisture content of the seeds of P. cineraria to 
the permeability of the seed coat and germination of the seeds was studied 
in respect of green, half mature, and mature seeds having different 
moisture levels. It was obser\*cd that the permeability decreased with 
the decrease of moisture content. A hundred percent permeability was 
observed at 66.35 and 38.55% moisture level. Germination was observed 
to be only 4% and 80% respectively. Removal of seed coat enhanced 
germination to 40% in the former case, but was not improved in the 
latter case. In the mature seedshaving 14.40% 9.70% and 7.78% mois- 
ture level imbibition was observed to be 60,20 and 13% respectively. 
Germination was obsen ed to be 23% in the case of seeds having 14.40% 
moisture level, but in the two other cases, nearly all imbibed seeds 
germinated. 

Imbibition and germination of seeds kept under these conditions, 
viz., (i) in water (ii) on moistened Biter paper in petridishes, and (iii) 
initially in water and thereafter transferred to petridishes, showed that 
the third method was comparatively belter than the others. 
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Abstract 

Investigations were undertaken with a view to study the germina- 
tion behaviour of the seeds of Abnu precatorius. The seeds as such were 
found to be incapable of germination and they were exposed to various 
physical and chemical treatments to enhance their permeability and 
germination. 

Chilling the seeds did not bring about any imbibition or germi- 
nation. Treatment with hot water rendered the seed coats permeable 
so that imbibition took place to the extent of 85 to 90% but the 
percentage of germination was low. Seeds exposed to dry heat, although 
imbibed, were not observed to germinate. 

Seeds treated with 10% potassium nitrate indicated a some- 
what increased imbibition and germination. Those treated with ethyl 
alcohol yielded germination values of 83 to 90% similar to those 
treated with acetone and chloroform. Treatment with sulphuric acid 
was found to be successful in inducing 90 to 95% germination. 

Exposure of the seeds to different temperatures in continuous light 
or continuous dark was not found to have any appreciable effect on 
germination. 

Treatment with 250 ppm solutions of glucose and iryptohan did 
not alter the rale or the percentage of germination. Seeds were also 
treated with difierent concentrations of sodium dimefhyf dicthyi carbo- 
nate and orthofluorophenoxy alpha methyl acetic acid change in 
percentage of germination. 
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I — Introduction 

Phosphates play an crtfcmcly important role in a variety of 
reactions during the germination of seeds. Thus phosphates would be 
required for the formation of nucleic acids which in their turn would be 
directly linked with protein synthesis and the hereditary constituents of 
the plant cells. In the seeds of many species of plants phosphorus 
appears to be present in appreciable amounts. Of tbe total amount of 
phosphorus, most of it would be present as Mg, Mn or Ca salts of 
inositol bexaphosphoric acid, i.e. phytin, which might be of variable 
composition. Ashton and Williams (1958) have reported that wheat 
phytin contained 12% Ca and 1.5% Mg, while oat Phytin contained 
8.3% Ca, 15% Mg. and 5.7% Mn. Phytin generally constitutes 80% of 
the total phosphorus of plant seeds, the remaining 20% is found in the 
form of the organic compounds like nucleotides nucleic acids phos- 
pholipids, phosphorylatcd sugars and phosphoproteins. As a general 
rule, inorganic phosphates appear to be stored in %’ery small amounts. 
So it should be deemed essential that phytin must be broken down to 
provide inorganic phosphorus to be utilised in the respiratory process. 
Albaum and Umbreit (1943), Erglc and Guinn (1959). Mayer (1958) and 
Pears (1953) have reported that during the germination of-secds in the 
case of oats, cotton and wheat respectively, an enzyme phytasc appeared 
which hydrolysed phytin. This enzyme was stable at temperatures upto 
50®C and its optimum pH was about 5.4. Pears (1953) has reported 
that phytasc was present in the endosperm of wheat. Kathju and Tewari 
(1968) have noticed the acid phosphatase activity in the nucleus of 
the radicle cells of ri^na jwfiuij. Thus the changes in the level of the 
organic phosphorus were considered to be s-ery important to be studied. 
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In the seeds of Phastolus rodictus the changes in the level of the 
organic and inorganic phosphorus have been studied during germination 
as affected by different conditions. The changes in the level of phos* 
phorus were also studied in the seeds soaked in different concentra- 
tions of ortho-fluoro*phenoxy methyl acettc acid for six hours and 
germinated as usual. This chemical has been listed as a growth 
inhibitor by Tewari (I968J. 

II— Materiau and Methods 

The seeds of Pkastolus redtatus were germinated in petridishes lined 
with filter paper as usual. Phosphorus was csiimaied colorimetrically by 
the method ofFiske and Subbarow {1925). For the determination of the 
phosphorus. 1 gm of the seeds was homogenized in 10 ml of 
10% trichloroaectic acid to obtain a 10% homogenate. The 
homogenate thus obtained was centrifuged in an international refrigera- 
ted centrifuge for 10 minutes at 1000 RPM at 0'’C. The inorganic and 
the organic phosphorus were estimated in the supernatent thus obtained. 
The phosphorus levels were also studied In the seeds germinated in light 
and dark. 

For the determination of phosphorus in 1.0 ml of the 10% 
TCA supernatent, 1.0 ml of 5N sulphuric acid and 1ml of 2.5% 
ammonium molybd.ite and 0.1 ml of the reducing reagent were added. 
The volume was made upto 10 ml and the colour intensity w.-»s measur- 
ed after 10 minutes using red filter. 

For the delerminaiion of the tot.»I phosphorus (organic as well as 
inorganic) in 0.5 ml of the supernatent liquid 0.4 ml of ION sulphuric 
acid svas added, and the rolorimcter tubes were kept in an oven at a 
temperature of 140®C for one hour and then I ml of H.O, (100 vol.) 
was added. The tubes were again kept back in the oven. When the 
contents of the tube became colourless and svhen the original volume, i.e. 
0.5 ml was restored, 1.0 ml of distilled water was added. The tubes 
were then placed in an electric water bath for 30 minutes to bring about 
the degradation of the pyrophosphates. 

The tubes were taken out and reducing reagent was added and 
the colour intensity was measured as usual. The amount of inorganic 
phosphate was subtracted from the total phosphorus value so as to 
deduce the amount of organic phosphorus. 
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III — Results and Discussion 

The amounts of organic, inorganic and total phosphorus have 
been tabulated in Table 1. It is evident that the percentage of organic 
phosphorus was near about double that of inorganic phosphorus in 
the air dry seeds of /*. radtatus. 


Table 1. — The amount oj total, organic and inorgamc phosphorus in the seeds 
o/Phaesolus radiatus 


SNo. 

Types of phosphonii 

Percentase 

1 . 

Inorganic 

0 699 

2. 

Organic 

1 31i 

3. 

Total 

1.91 


The changes in the levels of organic and inorganic phosphorus 
were also studied during the germination of the seeds. Estimation was 
carried out after every 12 hours of germination. The changes in the 
level of organic and inorganic phosphorus have been tabulated in 
Table 2. 


Table 2.‘“The changes in the organic and inorgame phosphorus 


T«m» in hours 

lisorganic 

pliosphorut 

(prrrmtJtr) 

Otganie 

phoSp.^OTUl 

(p^rcctiiaer) 

0 

0.0 

031 

12 

021 

1.71 

24 

0 10 

205 

JC 

0 IS 

1 61 

A3 

oir 

1 42 


From the data presented in Table 2 it would be quite obvious 
that the Ic\cl of the inorgamc phosphate decreased rapidly in all the 
seeds during germination. After 12 hours the level of the inorganic 
pho'phorus was found to be three times less per gram of seed material 
than »hai it was at icro hour. In next 12 hours the percentage of 
phosphorus >»as reduced to half of tu former level, but after 35 hours 
the level again started increasing and this increase was maintained esrn 
after -lO hours. 
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The levels of organic phosphorus were also studied during germi- 
nation. The levels of organic phosphorus was quite high in air day 
seeds but even then it went on increasing in the first 24- hours of germi- 
nation. In first 12 hours the level of the organic phosphorus was 1.3 
limes higher than us level at zero hour and in 21 hours its level was 1.7 
times higher than wliat it was at the zero hour. But after 36 hours of 
germination the level of the organic phosphorus started decreasing, and 
after 48 hours its recorded level was only 1.4 times higher than what 
it was originally in air dry seeds. From the data presented above it 
would he app.irent that during the process of germination, in the first 
24 hours, the inorganic phosphorus was converted to organic phos- 
phorus, but after 3G liours such a conversion appeared to be reversed. 

The efiect of temperature w.ns also studied on the levels of inor- 
ganic and organic phosphorus. The results have been tabulated in 
Tabels 3 and 4. 


Tabli S.—Changes in the levtU o/ inorganie phospherus during grrmhatien 
in Ttlaiien to Imperaiure 


Tetnperstute in *C 

Cofleeoiratt«n «f inorta 

me phoiphoru* iftrnff'prn 


T«me 

)n houri 



0 

12 

24 

36 

48 

0 

0697 

0615 

0C85 

0 6B5 

0 636 

20 

0C97 

0.271 

UU4 


0 165 

25 

069? 

0251 

0 12B 

0 149 

0 155 


0 697 

OJ229 

0 121 




0697 

0216 

0 103 

0 151 

0172 



0261 

0.128 

0.149 

0.1 68 

Tabled. — Changes in 

the levels of organic phospl 

loius during germination in 

relation to temperature 






V^Hicenlration *r phojohomi in mn/— . 

,ent 

Temperature in ®C 


Time 

in houn 




0 

12 

24 


43 

0 

I.3I 

1.62 

1 62 



20 

1.31 

IJ5 

1.83 



25 

1.31 

I.S9 

t.87 



30 

1.3i 

1. 65 

i.99 

1.58 


35 

1.31 

1.71 

2 00 

1.63 

1.45 

40 

1.31 

1.54 

I 91 

1 87 

1.79 
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From the data presented in Tables 3 and 4, it could be easily 
inferred that ivith the increase of temperature the levels of both oceanic 
and inorganic phosphorus were also afTected. At 0° C there was 
practically on change in the levels of phosphorus. The levels of phos- 
phorus changed very little at this temperature, because practically no 
metabolic change could possibly take place at such a low temperature. 
From 20® C to 25® G the level of the inorganic phosphorus decreased 
rapidly but again it started increasing and this increase was maintained 
after 48 hours of germination. The level of organic phosphorus also 
increased with the increase of temperature upto 35® C for the first 24 
hours of germination but above this temperature the increase of organic 
phosphorus in the first 24 hours was slower as compared to that obtained 
at 35® C. 

Phosphorus metabolism of the seeds of Fhasiolus radiatus was also 
studied with the seeds treated with ortho-fluoro phenoxy alpha methyl 
acetic acid. The results obtained have been tabulated in Tables 5 and 6. 


Table 5^’^Changts i« the Utet of inorganic phosphorus Uctl in the seeds treated 
with ortho-Jluero phettoxjr alpha methjl acetic acid 



Table 6.— Changes ia the Iirel of organic phosphorus in the seeds treated tritA 
erlho’fuoro phenoxy alpha nethjl acetic acid 
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From the data presented in Tables 5 and 6 it could be inferred 
that treatment of the seeds with ortho-fluoro-phcnoxy-alpha-methyl 
acetic acid adversely affected the phosphorus metabolism. Both the 
organic and inorganic phosphorus levels indicated a decline till a 
standstill condition was arrived at with 50 ppm of the chemical. 

It has been generally believed that one of the chief functions of 
the biological machinery has been to generate energy. The pheno- 
menon of growth might be construed as representing a series of complex 
reactions, and so naturally growth should be related to the continuous 
synthesis of energy rich compounds, i.e. the generation of substance like 
ATP which, might be produced by the oxidation of the substances like 
carbohydrates or other metabolic substrates or by photophosphory- 
lation (Arnon, I960). There must be a source of the supply of inorganic 
phosphates. The seeds would be expected to contain enogh phosphorus 
to meet this early demand for growth. As the seeds begin to increase 
in size they would need phosphorus from an exogenous source. In the 
case of deficiency of phosphorus in the environment, their growth 
would be severely affected. 

In rnonocots, like oats, very lUllc phosphorus has been reported to 
be found in the seeds. Albaum and Umbreit (194'3) have reported an 
increase in the level of inorganic phosphorus during the germination of 
oat seeds. They have further reported that phosphorus was found in 
the form of phytic acid. This phytic acid did not occur In the free state 
but as salts of calcium and magnesium. McCancc and Widdowson (1935) 
have found phytin in the seeds of peanuts, peas, potatoes and carrots. 
Fontaine et al. {1946) have reported that in some cases phosphorus is 
found in a bound state with proteins. 

In the seeds of Pkastolus raiiatus a small amount of inorganic 
phosphorus was possibly utilized in the formation of ATP to start 
the metabolic mechanism. As a result of this the level of the 
inorganic phosphorus inevitably falls rapidly. But after 36 hours it 
was observed that its level again began to rise. This increase might be 
due to the liberation of phosphorus from phytinby the action of phytase 
as has been reported by several authors. But the present author (Tewari, 
1965), on the basis of his studies with phospfaorylase, would be inclined 
to believe that the liberation of inorganic phosphorus after 36 hours of 
germination might be due to an increase in phosphorylase activity. 

Phosphorylase activity was found by him to be correlated directly with 
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the concentration of inorganic phosphates. Tewari (1965) has also 
noticed a decline in phosphorylasc activity in the seeds treated with 
the inhibitor. 

An increase in temperature upto 35*’C led to the disappearance of 
inorganic phosphorus. But above 35®G the phosphorus metabolism was 
affected adversely and the level of phosphorus decreased. If only 
phytase would have been responsible for the liberation of inorganic 
phosphorus, then the level would have gone up because phytase has 
been reported to be active upto a temperature of 50®C. Phosphorylase 
was found to be adversely affected at a temperature above 35°C and 
this probably would explain why the rate of the liberation of inorganic 
phosphates was slowed down. 

The utilization of inorganic phosphorus in light did not appear to 
be very important during the early stages of germination. The seeds 
grown in light and red light did not indicate a higher rate of disappea* 
ranee of orthophosphate. On this basis it appeared reasonable to 
conclude that oxidative phosphorylation played a very important role 
during the early hours of germination than the pbotosyntbetic phospho- 
rylation either cyclic or noncyclic (Arnoo, 1960). 


IV— Summary 

Phaiiolus radiatus Linn, is cultivated in many parts of Rajasthan 
for its protein value. The changes in the level of organic and inorga- 
nic phosphorus during seed germination as influenced by ortho fluoro- 
alpha.methyl acetic acid, a growth inhibitor, were studied. The level 
of the inorganic phosphorus steadily decreased in the first 24 hours of 
germination and then started increasing, while the converse held true in 
the case of organic phosphorxu. The inorganic pliosphorus was 
converted to organic phosphorus by the enzyme phosphortylasc. Ortho- 
fluoro'alph.i-mcthyl acetic acid strongly inhibited the phosphorus 
metabolism e\xn at a concentration of 5 ppm. Its inhibitory effect 
appears to be related with the phosphorus metabolism of the seeds 
during germination. 

Phosphorus metabolism was abo studied in the seeds germinated 
at different temperatures. The best conversion of phosphorus could be 
found at 35®G which was optimum for phosphorylase activity. It is con- 
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eluded that initial phosphate liberation from organic phosphates is by 
phosphorylase and not by phytasc. 
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INHIBITION OF GROWTH OF PHASEOLUS 
RADIATVS LINN. FROM FRUIT EXTRACTS 
OF S ALVA DORA OLEOIDES DECNE 


By 

L.S. Ratbore and M.N, Tewari 


Department of Botany, Unitersity of Jodhpur, Jodhpur 
(Wth I Table) 


I — Introduction 

Many substances have been reported to inhibit the germination 
and growth of the seedlings from the fruits and seeds of the higher 
plants. Evanari {1949} has made a survey of occurrence of such in- 
hibitors in higher plants. Shuck (1935), Warcing and Foda (1955-57), 
Poljakoff-Mayber tt al. (1956) have reported the presence of an in- 
hibitor in lettuce seeds. Luckwill (1952) has reported two inhibitors 
from unripe fruits of Asparagus. Asakawa (1954) found an inhibitor 
in the fruit of Fraxinus. An inhibitory principle was also reported in the 
pcTtcarp of birch seeds by Black (1957). 

In the present investigations the authors were interested to find 
cut involvement of an inhibitory substance in the fruits of Salvadora 
oleotdes. Large number of fruits arc produced every year from the 
• plants but the germination is extremely poor, so even if the plant is very 
well adapted to arid conditions it could not be used for afforestation 
purposes due to the poor germination of the seeds. In nature seeds 
remain encased in fruits and only 10% germination could be obtained 
though seeds showed 100% imbibition. This gave an indication about 
the possible presence of some growth inhibitor in the fruits. 

II — Material and Methods 

The fruits were broken to remove the seeds and the shell was 
powdered. 2 g of this powder was boiled for one hour and the content 
was filtered. The filtrate was made up to 50 ml and ten seeds of 
Pkastolus radialus were soaked in this solution for six hours at room 
temperature. Seeds were washed with distilled water and were germi- 
nated in sterilized pctridishes lined with moist filter paper. A control 
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was also run in which seeds were soaked in distilled water and were 
germinated as treated ones. 

An attempt was also made to determine the Rf of tlic inhibitor. 
Fortius purpose 2g of the powder was boiled for one hour. After 
filtration the volume of the filtrate was reduced to I ml by further 
boiling. 0.5 ml of the solution was spotted on silica-gcl layer (0.5 mm 
thick) for Chromatography. 6.0% acetic acid was used as Chromato- 
graphic solvent. A blank silica-gcl coated plate was also run in the 
same solution as control. After drying the plates in an oven at GCC 
for 30 minutes 2 sq cm silica-gcl columns from different heights were 
removed. The content was disolved in 10 ml of distilled water. The 
seeds of Phaseolus radiatus Linn, were soaked in all these solutions for six 
hours and after washing with distilled water they were allowed to 
germinate as mentioned above. 

Ill— Results and Discussion 

The seeds soaked in disiUlcd water and the solution of fruit wall 
did not indicate any difference in imbibition but a marked difference 
was found in the average growth of the seedlings which has been 
presented in Tabic 1. 


Tabu /. — Acerage gttwlh of setdlings 


Days 

len«ih otssedUtiKS 

>n miUimcim 

ConiTol 

Treated 

1 

9 

0 

2 

IS 

3 

3 

26 

e 

4 

45 

9 

5 

62 

10 

6 

67 

11 

7 

as 

11 G 


It was found from the substances recovered from the Chromato- 
graphic plate that hardly any growth of the seedlings took place by the 
treatment of the solution which was obtained from the silica-gel 
Chromatographic plate at Rf 0.8. 

The growth was more oi less completely inhibited by the substance 
obtained at RfO.8. This might be the reason for the failure of the 
germination of the seeds of Saloadora eleoides in nature. The inhibitor 
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appeared water soluble having an Rf 0.8 in 6% acetic acid at 25°G 
on Silicagel layer(0.5 mm thick) Chromatograph. The inhibitor may be 
an antiauxin or a substance which interfered with the initial metabolism. 
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V — SOMMARV 

The seeds of Sahadeta cUo'tdes Decnc show very poor germination 
in nature but they always indicated 100% imbibition. This gave an idea 
of possible occurrence of some inhibitor in the fruits which inhibited the 
growth of the seeds because seeds remain enclosed in the fruits. In the 
present work we have noticed a water soluble inhibitory substance from 
the fruits of Sahadora decides Decnc which strongly inhibited the growth 
of the seeds of Phasedus radiatus Linn. The Rf value of the inhibitor 
was 0.8 on Silica*gel layer (0.5 mm thick) chromatograph using 6.0% 
acetic acid as solvent at 23'’C. 
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I — Introduction 

Euphorbia eaducifolia Haines is stated as a characteristic plant 
species on sandstone or gravel in a major part of Rajasthan. ^Vater is 
mainly available in rainy season and its scarcity is felt almost through* 
out the year. This species occupies a slopy habitat where a quick run 
of water takes place when it is at all available in a short rainy season. 
In spile of extreme scarclly of water this species flourishes well under 
these ecological conditions, A few papers on difTerent aspects of 
ecological life history have already been published (Sen, 1965, 1968a, 
1968b, Sen and Cbattciji, 1966. Sen and Chawan, 1972). 

Shull (1916) and Kaul (1968) measured the force of attraction of 
air dry seeds oi Xanlhium species (.V. pennsyhanicum and A*, strumarium) 
for water, using different concentrations of solutions of sodium chloride 
and determined the intake of svater by the seeds in each solution. The 
water relations of seeds, seedlings and adult plants have been worked out 
after a number of field and laboratory observations on leafless Eupkothia, 
which is a pliotosjnthcsising, pcrcnnating, latex containing, fleshy 
plant and remains leafless for the major part of the year. The plant 
dries extremely slowly even when uprooted, showing thereby that it 
has a great capacity for absorbing and retaining water under extreme 
xcric conditions of the environment. 

In order to find out the water relations of this species under 
extreme scarcity of water availability a detailed analysis was carried 
out on some six telcclcd plants growing in their natural habitat. 

II — .Mateeivi, and Methods 

A few individual plants were marled in the field from which 
samples of latex. leaves and stems were brought to the laboratcry for 
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analysis either fortnightly or monthly. The first leaf samples were 
collected for observations in the first week of August 1968 till the time 
of leaf fall. 

In order to find out the water content in different parts of plant, 
the samples were oven dried and calculations were done on fresh weight 
basis. 

The force of attraction of water by the seeds was measured by 
using different concentrations ol solutions of sodium chloride. The 
intake of water by the seeds was determined in each solutions for a parti- 
cular duration of time. 

1 1 1 —Observations 
1. Water Relations 

Latex i Euphorbia eadueifolta ramains characteristically leafless for more 
than three fourth of the year, so that the amount of water present 
in the leaves presumably docs not affect very much the metabolic process 
of the plant. This is because the leafless phyllocbdes possess an 
abundant amount of water in the latex. The presence of latex in 
all plant parts is an important physiological factor, and the amount 
of latex in the plant indirectly exhibits the water content in the plant. 
Since the water content in a sample by weight differs in different indivi- 
dual plants and tliis difference remained distinct with the change of 
seasons, an analysis of the same was done which has been shown in 
Table 1. 

It is evident from Table 1 that svaicr content in the latex of six 
individual plants varied at the end oflate rainy season (15th Oct., 1968). 
It was minimum (80.3%) in sample No. 3 and maximum in sample No. 
2. The percentage of water content in sample Nos. 1. 4 and 5 did not 
vary very much under similar enviornmental conditions. The values of 
water percentage changed to a very great extent in the month of Dece- 
mber 1968, when the weather was extremely cold and desiccating. It 
was taimmum. (6U7%\ in latapte No. 6 awi maxixnuTn ('35.9%') in sampic, 
No. 4. There were no significant differences in the percentage of water 
content in the sample Nos. 1 and 5. 

An increase in the water percentage could be observed at the end 
of January 1969 due to rains which fell during the months of January 
1969, which caused an abrupt increase in the water percentage of 
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latex in all the six individual samples of £. caduci/olia. A noticeable 
increase in percentage of water could be observed in sample Nos. 1 , 2, 5 
and 6, which ranged from 4 to 7 percent. In sample No. 4, it was 
significant but insignificant in sample No. 3. At the end of February 
the percentage of water mostly showed a slight fall except for sample 
No. 6 for latex, where the percentage increased. 

Stem : Besides latex, water present in other tissues of stem and 
leaves, has also been analysed in the present study. The percentage of 
water present in the stem apex is presented in Table 1. 

Comparing the data presented in Table I for the percentage of 
water content in the latex taken from the stem and that of stem itself 
at the start of the observations on 15th Oci., 19W5, it appeared that the 
percentage remained higher in the stem. Table I also exhibits that the 
percentage of water in the stem always universally remained higher ^s 
compared to water percentage in latex system. It is also evident 
that the water content in the six diflerent samples of stem did not vary 
very much, on 15th Oct., 1968 or during or at tJie end of the observa- 
tion period, 

Leaf: £. eeiuri/olie bears leaves for a short duration in late summer 
and early rainy season. There exists great morphological variations 
in the leaves. The appearance and fall of leaves take place due to an 
endogenous cyclic rhythm at its fixed time quite independent of the 
prevailing ecological conditions. It is true that the foliage of some 
plants became dull green earlier than the others, then progressively 
brownish or yellowish red as they were shed. Leaves did not exactly 
show wilting due to their fleshy nature, but appeared shrunken. They 
became dry and brittle, and ultimately turned red brown, but were 
retained on the plants for quite sometime (Sen and Chawan. 1972). Since 
water content of the leaves play an important role in retaining these 
on the plants, the water percentage of leaves on six individual plants 
at different intervals of time has been tabulated in Table 2 
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Table 2. — Pereer.lage of ivaUr cenleat in the leases of six individual plants 
of Euphorbia caducirolia at various internals of observation peroid 

Youn? learn Mature l^avei Fallinjleavri 

Plant No. 14.7.63 4-e-68 15-10.63 (Ort.-Nov. 631 


1 91.3 91.1 

± ± 

06 07 

2 92.6 90.7 

± * 

0 7 0.7 

3 90.6 90 0 

± ± 

ac 02 

♦ 97 4 90.1 

+ * 

04 01 

5 92.4 9t.e 

± A 

OJ 04 

6 924 92.1 

1 ± 

0.4 04 


91 7 
± 

I 7 
9J2 

08 
95 6 
± 
1.5 
92.2 
± 

OB 

92 0 
± 

0.4 
92 4 
t 
0.7 


It is evident from Table 2 that u-aier content in the six 
samples did not vary s'cry much In the younc leaf samples. There was 
nuctu.niion, during ihe difTcrent objcfvatious, in ihe percentage of x^jier 
content in all the six samples of leases. IIowc%Tr, a decrease of 20 to 
25 percent in the moisture percentage of loaves caused the falJin; of 
leaves from the phsllocladous stem. 

Fruilj end Sttdi : The percentage of water content in tlie fruit wall 
and seeds at the time of dlsperial has also been cstimaird, and pfcscnted 
in Table 3. 
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It is evident from Table 3 that the dehiscing fruit wall contains 
very little water. The decrease of water in the fruit wall causes its 
explosion. Even the seeds almost always contained more water than 
their fruit walls. The percentage of water both in the fruit wall and the 
seeds vary in all the individual plants analysed. 

2. Water Requirement of Seeds 

The force of attraction of water by Euphorbia seeds using different 
concentrations of sodium chloride (0.10 M, 0.25 M, 0.50 M, 0.75 M, 
1.00 M, 2.00 M, 4.00 M and saturated solutions] was measured. Air 
dried seeds were kept in sodium chJondc solutions of different con- 
centrations for a period of3, 6, 12 and 24 hours. The percentage of 
moisture intake by seeds during different durations was calculated on 
the air dried weight of seeds, and is discussed below. 

It has been observed that the seeds of E. taductfolia absorbed water 
from all concentrations examined at 25®C. In seeds of sample No. 2, 
there was a steady rise in the intake of water even after a duration 
of 24 hours. The intake of water was very significant within first 
three hours till a solution of 2.00 M, concentration, beyond which it 
was insignificant. In seeds of sample No. 5, there was almost no 
water intake beyond six hours duration even in those seeds which were 
kept in distilled water. In fact, water was withdrawn when the seeds 
were kept for longer duration 5n high molar solutions of sodium 
chloride. In seeds from sample No. 6, there was a significant 
increase in the intake of water in three to six hours duration, but 
beyond six hours mostly there has been a withdrawal of absorbed water. 
Within twentyfour hours, the absorption of water by seeds in distilled 
water has been more than hundred percent, although this has not been 
so high in sample Nos. 2 and 5. Thus it was evident that the seeds 
have a capacity to absorb moisture from solutions of high osmotic 
concentrations. 


3- Stomalid Index 

A study of stomata was made from the peelings of six samples both 
from the lower and upper surfaces of the leaves. The number of 
stomata and epidermal cells with their stomatal index is shown in 
Table 4. 
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Table 4 gives an indication of the storaatal index in the upper 
and lower surfaces of the leaves and the stem. The values run parallel 
for lower and upper surfaces of leaves except for sample No. 1, 
where it was more than twice, and for sample No. 6, thrice in lower 
surface as compared to the upper. The stomatal index for stem was 
uniform in all the samples, but the values are slightly lower for 
sample Nos. 3 and 5. It would be evident from these observations that 
the stem did not possess any efficient means of gaseous exchange after 
the leaf fall. 


IV— Discussion 

A comparison of the individual plants used in the present 
study points to the unmistakable fact that Euphorbia eadueifolia 
exhibited a diversity of a remarkable magnitude. This diversity was 
reflected in the water relations of E. eaductfolia. The leaves appeared 
when the plants had almost no water available in the soil and 
were shed when the water availability was ample. An extremely 
parallel example in Sarcoslmma attdum, Capparis decidua and Leptadenia 
pjiTOteekniea have been observed (Sea and Chawan, 1972). 

Stocker (1936) has reported that the desert plants appear to 
restrict loss of water by substantially diminishing the rate of transpira- 
tion by keeping stomata half open. The leaves in case of E. eadueifolia 
were shed which had far larger number of stomata, as compared to stem. 
The number of stomata was either half or even less than one-fourth 
per unit area on stem as compared to leaf and thus the water loss was 
reduced to a remarkable degree in this plant. 

The water percentage in rainy season of young stem, mature stem 
and young leaves in Z^^yphus nummularia growing on rocky habitat had 
been estimated as 58.11%, 53.44% and 55.29% respectively (Nanda, 

1967). Sen and Chawan (1972) observed that during rainy season the 

water m £. cerfwi/bha remained higher in newly grown on stem as com- 
pared to old stem or leaf. During the present study the same plants 
in early winter season have been observed to possess higher percentage 
of water which gradually decreased with the dry desiccating winds of 
winter season in the stem. However, the water content in leaves was 
little higher than the stems, but it suddenly decreased. 

Kaul (1968) showed that seeds ot XanthiumslrumarLm absorbed water 
from 0.1 to 6.0 M concentrations of sodium chloride solutions at 25.6'C. 
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This has been partly confirmed in the above observations, because 
beyond 2.0 M concentrations water absorption was insignificant. 

The above mentioned facts point to the conclusion that the water 
metabolism play a significant role in the adaptation of leafless Euphorbia, 
to the desert. The morphological adaptations, whether due to 
ecological or genetic reasons, govern the physiology of water in the 
latex or in the succulent tissues of the plants. 

V — Summary 

Leafless spurge. Euphorbia caduci/oUa Hains, is grouped as a chara* 
cteristic species in plant communities on sandstone or gravel in a major 
part of Rajasthan. Except for a short rainy season, water availability 
to this species remains a problem throughout the year. This is more so 
due to the occurrence of this plant In slopy habitats. In spite of 
extremely xeric conditions, the species flourishes well. 

Euphorbia is a pboiosynthesising. perennating, spiny and 
latex containing plant which remains so for major part of the year. Even 
the uprooted plants grew and their drying was extremely slow, thus 
exhibiting a great capacity for absorbing and retaining water. It 
showed the remarkable potentiality of the species that it maintained its 
formal metabolic activity and remained living in spite of abundant 
water loss. 

The appearance of leaves in late summer and their fall in late 
rainy season seemed to be an endogenous rhythmic phenomenon. 

This species possesses abundance of latex which may be the re.ison 
that it did not suffer at all under high desiccation of the environment. 
The amount and the quality of latex in the plants indirectly exhibited 
their water content, which was found todiffer from plant to plant even 
in the same population. The percentage of water content in the latex 
from the stem was as low as 48.7% in one s.imple and as high as 90.i% 
in another. 

At the time of leaf appearance, there is new growth in the stem as 
well. This newlygrown part tvai found to have higher percentage of 
svatcr as compared to old stem or even leaves, although ncwJy»grown 
stem and leaves appear simultaneously. It was found that water 
content of leaves from different individual plants did not vary much. 

Tlie range of relatis’c moisture content in the old item in early 
August was as low as 41.2 In some, while as high as OO.C in others. Tliis 
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species remains leaRess in summers when there was a possibility of 
some visible signs of water siression from the leaves. 

The best germination of seeds and the further growth of seedlings 
was evident in rainy season, as the leaves appeared in quick succession 
at that time. 
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SC Pandrya 1 The nnall 4 month! old seedling of Cu^Aa'4ia kept in laboratory give 
out leaves. The photo and RH conditions differ here. Old you work it and also kept a 
plant in open ? 

D.N. Sen ; The seedling of C.radarijtitaln question vtattiol 4 Tnonlht old. It was about 
3 years old. The appearance of leaves in any four months of ■ year is not possible, because 
leaves are borne by plants for only 3-5 months only once in a year in late summer to early rain- 
fall. The primary aim to keep the plants tn an uprooted condition in the laboratory was to 
diseounecl iKe roots from the mil and any other water supply. And even after this dis- 
connection in waier supply the plants behaved normally and in their due season bore leaves 
as Hall, which was an evidence of their tnetabolie activity. 

S C. Pandeya : Your plant appears to be aeromorphic and not aerophytic. It could 
have been better cotvhrmed by O P. desennination at different stages. 

D N. Sen O P. determination of a number of plants and their parts such as old stem, 
newly-grown stem, and leaves were determined. ThcO.P. values ranged from 14 3 34 6 atro. 
and only m one case of old iieni, the value waa higher than 63.8 atm. Species of Arizona 
desert have been reported to have an average OP. of 20 atm. The plant, of course, has some 
aeromorphic features. 



Sen and Chawak : I^afless Euphorbia on Rajasthan : 245 


S C. Pandeya : Did you work the cytology aad inter breeding between the 3 forms you 
have distinguished? 

D N< Sen : 1 stated in the very beginati^ that 1 have not worked out the cytology of 
the plant as yet, which I intend to do now. 

S,G. Pandeya : Are the populations mixed or show specific ecological distribution ? 

D.K. Sen : In one population there arc difierent types of plsnts distributed and they 
do not have specific ecological distribution. This I have shown very clearly in my coloured 
slide where green and red infiorescence forms were growing very near each other. 

A N. Lahiri : Docs the sprouting of leaf in plants kept in laboratory for 3 months 
suggests that bound water is somehow related with this phenomenon ? 

D N. Sen : Bound water is inactive physiologically I cannot say anything in detail 
about this. But leaves always appear at their particular season of the year as an endogenous 
rhythmic cycle 

P.G. Nanda : While determining colour forms in Euphorbia cadmiftlia did you make 
any variability index to fix each form ? 

D.N. Sen s Ko 

P.G Nanda ; While collecting seeds of differcni sire, shape and weight did you take 
into account ciicrecliinatc of difTerent sites of collection ? 

D N. Sen : Micro climate did not appear to be operative as regards reorphelegical 
variation, since a group of plants in the same microclimate showed variability. 

A N. Lahiri : Do (he seeds obtained from plants having red flowers produce plants 
with red fiowers ? 

D.N. Sen : The species it an eitremely slow growing one and so this could net be 
observed as yet. 

A tv, Chakravarty : The speaker memiooed some variability in seed, stem and flower 
characters in plants of E. taJatifaiU io nature. Hat any study been made to classify the 
difierent types on the basis of variation ebierved ? If so. with what results ? 

D N. Sen s This difTerenee in colour, mottling, etc., wst first noticed in seeds a few 
yeses back. Latee on other variatnliiy in other pans was also noted. 

S K. Jain : £i(^feriia caf.irfy«/sa is a xerophyie. Id succulent itemi. caducous leaves, 
stipular spinet, and above all id habitat do show that it is a xerophytic plant. 

O N. Sen : The characters mentioned by jou are some xeromurphie fealurei of planu. 
The stem letttains (iethy water or tio water. The leave* fall down at their wavont 
whether it rams or not Their appearance ukes place In late lumnwr when there is a extreme 
shortage of water in the soil and (he air en> Irowp^nts. The appearance and diiappearanee 
of these features are probably governed by anendog^ou* rhythmic cycle. 
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Gnjaeat Unicersttj, Akmedahad 
(W'ith 3 Text-figures) 


I — Introduction 

It has been shown that the concentration of free ascorbic acid in 
plants increases during a period of drought (Stocker, 1956, 1961; 
Solomon, 1955; Startseva, 1963; Shcherbakov, 1963; Chisoy, 1964>67). 
This fact suggests that ascorbic acid may be playing a protective rote 
during the condition of water stress. The purpose of the present paper 
is to elucidate some of these points. 

11— ExfERIMENTAL PROCEDURE 

Seedlings of two varieties of barley were subjected to desiccation 
in chambers maintained at low humidity at 25 for five and ten 

days respectively. At the end of the appropriate desiccation period 
seedlings were revived by moistening the sterilized sand of the Petri 
dish in which they were kept for germination. The seedlings were 
considered as having revived when they reached the succeeding stage of 
seedling growth to the one at which they were given the desiccation 
treatment. After separating the embryo axis from the endosperm, 
ascorbic acid and ascorbigen concentrations as well as ascorbic acid 
utilization were determined in duplicate at three stages, viz. (i) before 
the initiation of the desiccation treatment, (ii) just before the termina- 
tion of the desiccation period, and (iii) after rcs-ival. 

fVscorbic acid (AA) and ascorbic acid utilization (AAU) were 
estimated titrimctrically, employing 2, C-dichlorophenolindophenot 
method developed in this laboratory (Chinoy, 19G2). TIjc ascorbigen 
(ASG) was estimated by releasing A.\ by hydrolysis with 5% meta- 
phosphoric acid in a boiling v>aier bath for 10 minutes, adding the 
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requisite quantity of the dye solution and titrating against standard AA 
solution as before. The free AA content was subtracted from total AA 
thus obtained to get the value ofASG expressed as mg AA per g dry 
t\eight of plant material. 

The data were analysed statistically using Fisher’s method of ana* 
lysis of variance. 

Ill — Experimental Findings 

The concentration of ascorbic acid, ascorbigen and ascorbic acid 
utilization in the embryo axis of both the varieties is invariably higher 
compared to that of the endosperm. There is an enhancement in ascor- 
bic acid concentration and its utilization with advance in germination. 
Embryo axis receiving 10*day desiccation shows consistently a higher 
concentration of AA. Its utilixation is also higher in both the %’arjctics 
at all stages of growth when compared with that of undcsiccatcd or 
revived seedlings (Text figs. 1 and 2). It may also be noted that the 
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ascorbic acid content and its utilization are at higher levels in the revi- 
ved seedlings compared to those of undesiccated ones. Ascorbigen 
content of seedlings revived after 10-day desiccation is tbe highest in 
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both the varieties followed by those seedlings which were revived after 
undergoing 5 days desiccation (Text fig. 3) Ascorbigen content of 

N.P.I3 MUNSING 



T€,|.fi8. 3-Ai«0fbig«B (bogn4 Aieorbie AeW-ASCl «<.n«*n« in embryo mxi> ond endosperm 
during different desieextioa treoimente. 

embryo axis which had undergone desiccation for 5 and 10 days respec- 
tively and also of undcsiccated ones is lower compared to that of embryo 
axis which had recovered from desiccation. The endosperm of 10-day 
desiccated embryo axis of Munsing also contains higher ascorbigen 
content. ^ 

Analy.is of variance was carried out on data of ascorbic acid and 
ascorbigen contents a. well as ascorbic acid utiliaation. ElTccts of desic- 
cation on AA and ASG contents a, well as on AAU were found to be 
highly significant. 


IV — Discussion 

It IS evident from the data presented here that ascorbic acid 
content as well a, its utiliaation arc enhanced during desiccation. 
Ascorbjgcn content also shows interesting Ilnctuations. Ascorbic acid 
ts at a higher level in the case of desiccated seedlings compared to that 
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in fresh material. This increase in the concentration of free ascorbic 
acid probably plays a vital role in maintaining the redox balance in the 
seedling on the reductive side which is so essential for synthetic activity 
in the plant for maintaining growth. Stocker (1956, 1961) has consi- 
dered the ratio of oxidized/reduced ascorbic acid as a relative measure 
of the redox potential. Total ascorbic acid was found to increase 
considerably under extreme drought conditions. Stocker (1961) showed 
that an inordinately high oxidation-reduction quotient, high total ascor- 
bic acid and high respiration during a period of extreme drought preceded 
a complete breakdown of metabolism. 

Even in the case of drought of moderate intensity, as in the present 
experiment, where the desiccated seedlings make vigorous growth after 
revival, the concentration of free ascorbic acid reaches a higher level 
during the period of drought. This appears to stimulate some enzyma- 
tic processes like amylase and lipase as seen from the enhancement in 
their hydrolytic activity during desiccation most probably by creating a 
reductive environment (Chinoy, 1964-67; Chiooy et. al., 1968; also see 
review article on “Drought resistance in crop plants*' in this volume). 

The fall in the concentration of free ascorbic acid during the 
process of revival and a concomitant rise in its bound form clearly 
indicates the active metabolic turnover of ascorbic acid. 

V — Acknowledgement 

Thanks are due to United Stales Department of Agriculture for 
financing the P.L. 480 Research Project, FG-In-208(A7-CR-I08), entitled 
“Physiological studies of drought resistance in some Indian and American 
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VI — Summary 

Seeds of barley N.P. 13 (Indian variety) and Munsing (American 
variety) were germinated upto various stages and subjected to desiccation. 
The seedlings were subsequently revived. Turnover of bound (ascorbigen) 
and free ascorbic acid as well as its utilization were studied in undesi- 
ccated and desiccated seedlings as »%-ell as after their revival at different 
stages of growth. Free ascorbic acid was found to increase significantly 
in desiccated seedlings, whereas the bound ascorbic acid decreased 
under desiccation. However, on revival of seedlings from the effect of 
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drought there was a significant fall in the concentration of free ascorbic 
acid and an equally significant rise in ascorbigen content of the 
revived seedlings. 

On the basis of these findings as well as taking into account the 
studies of enzymatic processes under the influence of drought carried 
out in our laboratory it has been suggested that increase in the concen- 
tration of free ascorbic acid during desiccation stimulates hydrolytic 
activity of amylase and lipase most probably by creating a reductive 
environment. The fall in the concentration of free ascorbic acid 
during the process of revival and a concomitant rise in its bound form 
clearly indicates the active metabolic turnover of ascorbic acid. 
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GROWTH OF SOME DESERT PLANTS. I. 
TEPHROSIA 
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< Wlib 2 Tables ) 

I — Introduction 

T'i’/iArojia occurs luxuriantly in the Indian desert. The plant is 
^veU adapted to xeric conditions and helps in stabilizing the sand. The 
function and biosynthesis of ascorbic acid in plants has recently been 
reviewed by Aberg(1958) and Mapson (1958). There are divergent 
reports about the role of ascorbic acid in the growth of seedlings. In 
the present investigation an attempt has been made to study the relations 
between ascorbic acid and water uptake and growth, if any. An attempt 
has also been made to study relationship between ascorbic acid synthesis 
and added ascorbic acid on growth of the seedlings of 7*. purpurea and 
T. tilosa. 

II — Material and Methods 

The seeds of Tephrosia purpurea and T*. vilosa were collected from 
the field and stored in glass stoppered bottles at room temperature. 
The seeds were treated with concentrated sulphuric acid for fifteen 
minutes, washed, weighed after drying with blotting paper, and there- 
after were kept in different concentrations of ascorbic acid. After 24 
hours of soaking at 30±2'G the seeds were again weighed after blotting 
the surface water. For all the concentiaiions ten replicates, each 
containing ten seeds, were used. 

To study the growth, the seeds »vcre soaked in different concentra- 
tions of ascorbic acid for six hours after the pretreatment with 
concentrated sulphuric acid for fifteen minutes. The seeds were allowed 
to germinate in sterilized petridishes lined with filter paper at 30*2’G 
in continuous light. The length of the seedlings was measured after 
every 24 hours for se\'en days. 
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The ascorbic acid was rstiniated by iJif Jiiramciric method. Tlic 
seeds after 50 hours of Rermtnaiion, a* dcscribetl above, sverc homo- 
penized with 5% nietaphoipboTic acid lo extract the ascorbic acid. 
Tlie filtcr.itc was titrated apa'mst 0.025% 2-0*dichlorophcnolindiphcnol 
after standardizing the d)e with a Lnovsn cnnccniraiiofs of ascorbic acid. 


Tahlt l.—W'ttltT uftait 4t ejteud direrisV ciii 
(Fi^urti jn htatktll she-x stetiird ditiiiisn.) 




Table 2.— Effect of oitamin C on the growth of young seedlings p/Tcphrosia 


Kathju and Tewari : Vitamin 


G : 255 








|--< = sssg 


ai+OO a <£l+OI) £2 <6+6) 81 (S+8) £t (€+9) 6 fz+S) L 



256 : Natural RESouRCZi df Rajasthan 


that ascorbic acid stimulates germination and early growth. However, 
in the present case there was no effect of ascorbic acid pretreatment on 
the percentage of seed germination but the early growth was enhanced. 
Chinoy r/ fl/. (1957) working on Ttigonella fienum-graecum and BrassUa 
chinensis have claimed that treatment of growing points with ascorbic 
acid stimulates the subsequent growth. Emmerich (1941) failed to find 
any effect of ascorbic acid pretreatment. In case of Orchid seeds also 
there was no effect ofasc orbic acid treatment (Nogglc and Wynd, 1943; 
Henriksson, 1951). 

Bonner and Bonner (1938). working on pea, have reported stimula- 
tory effects of ascorbic acid for those varieties which synthesize less 
ascorbic acid in them, while varieties synthesizing more ascorbic acid 
are uninfiuenced by added ascorbic acid. T./urpurra contained 38.5 mg 
of ascorbic acid per 100 gm of seedling while T. n7wa has only 17.5mg 
ascorbic acid per 100 gm of fresh seedlings. So T. purparts synthesizes 
more ascorbic acid and T. vHosa less, but both the species showed better 
growth irrespective of the concentration of the ascorbic acid In them. 
On the basis of our experiments there appears to be no relationship 
between ascorbic acid synthesis and added ascorbic acid on growth of 
the seedlings. 
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V— SUMSIARY 

investigations into any possible relationship between 
r 1 C acid and water uptake and growth, and between ascorbic acid 

synthest. and added ascorbic acid and growth of the seedlings otT,ph,ma 
parperraand T. rdatn tesealed that thete was no effect of ascorbic acid 
pretreat'oent on the percentage of seed gertnination but the early growth 
was enhanced. It was also noted that although T. pu,pu,a synthesises 
ntore as„rb,c ac.d than r. eilesa. ye. both the species showed better 
yowth irrespective of the concentration of ascorbic acid in them. 
Apparently there no relationship between ascordic acid synthesis and 
added ascorbic acid and growth of the seedling, in the two species. 
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Abstract 

The effect of three growth retardaots, viz. CCC, Phosfon and 
B-995 on growth and drought resistance of certain crop plants as well 
as weeds of Indian Arid Zone rvas studied. Preliminary results indicated 
that, although the action of each growth retardant is specific, in 
general they inhibited seed germinatioo. retarded extension growth, 
reduced the water requirement of certain plants, and increased the 
resistance of plants to drought. Since Ptnnisetum and other field crops 
are often adversely affected or even completely desiccated during 
prolonged drought in the middle of the rainy season, it would be most 
advantageotis if, by virtue of treatment with growth retardants, the 
plants are able to evade drought because of thetr increased capacity 
for drought resistance. Thus, such treated plants would be better 
suited to survive under unfavourable water conditions. Results relating 
to the effect of growth retardants on drought resistance of plants in 
particular and potentialities of the substances in improvement of modem 
agriculture and horticulture have been discussed in detail taking into 
account a short review of the published literature. 
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I — Introduction* 

The subject of water relations of plants is a vast one and it is 
not possible to cover even a few of its aspects in a restricted review of 
this type. An attempt will, therefore, be made to review briefly only 
the important features of the problem of drought resistance in plants 
with special reference to crop plants. For a more comprehensive 
study of this fascinating problem the reader may refer to reviews which 
have appeared from time to time (Maximov. 1929, 1939;Sizakyan, 1940; 
Zablouda, 1948; Levitt, 1951; Henkel. 1956, 1961; Iljin, 1957; Tumanov, 
1940, 1951; Stocker #t el., 1943; Stocker, 1956, 1961; Cbinoy, 1960; 
Kursanov, 1956; Petinov, 1966; Kozlowsky, 1961; Ruhland (Ed.) 1956). 

Drought can be of two types : (i) atmospheric drought, and (ii) 
soil drought. In the former case high temperature and low humidity 
during critical pliases of plant’s life, such as the period of grain 
ripening, adversely affect Its metabolism. gr.Tin filling processes and 
consequently its yield. In the case of soil drought the moisture of the 
soil may fall to a very low level thus preventing the plant from making 
good the loss of water through transpiration. In such a condition the 
plant is considered to have entered the state of ‘permanent wilting’ 
from svhich it c-annot recover its turgor even during the cool hours of 
the night. Its turgor may be restored in the early stages of permanent 
wilting by removing the water stress of the soil. Temporary wilting 
on the other hand can be eliminated if the phant it placed in a humid 
atmosp’nerc. 
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properties of the protoplasm, viz., permeability and hydrophily. He 
considered plants displaying special morphological and anatomical 
characteristics as belonging to a special class— xerophytes, not to be 
confused with plants showing resistance to drought by virtue of their 
special protoplasmic characteristics. 

Stocker (1961) has recently tried to distinguish two categories of 
drought resistance : (i) Protoplasmic drought resistance, and (ii) Resis- 
tance due to special morphological and physiological characteristics. 

II— Water Requirement of Plants 

Briggs and Shantz (1913, 1914) defined ‘water requirement’ of 
a plant as the total amount of water required by it during its entire 
life cycle to produce one grain of dry matter. A number of workers 
have considered water requirement of a plant as an index of its drought 
resistance (Kisselbach. 1916, 1926; Briggs and Shantz, 1913, 1914; 
Bayles et al., 1937; Leather, 1910; Livingston and Hawkins, 1915j 
Livingston, 1906, 1927; Paitridge and Mair, 1936). Maximov (1926, 
1929) was, however, of the opinion that the water requirement of a 
plant was a variable character and not a constant entity, and therefore, 
its use as an index of drought resistance of a plant was of doubtful 
value. 

Petmov and his co-workers (Petinov, 1954, 1955, 1966; Petinov 
and Prusakova. 1955; Petinov and Pavlov. 1955; Petinov and Kharanyan, 
1956; Petinov and Lebedev, 1955) have studied the problem of water 

requirement of crop plants in relation to water economy in irrigation. 

These investigations have yielded very useful data and led to new 
systems of irrigation. 

III-Method of Evaluating Drought Resistance of a Plant 

The problem of evaluating the drought resistance, ivhich is 
conlrolled by many internal and eilernal factors, is a difficult one. 
It IS on account of this reason that nnmerotu attempts made to determine 
the degree of resistance by evaluating a single morphological or 
physiological characterislic have yielded results of limited value. Thus, 
for instance, attempts have been made to determine the resistance of 
a plant to drought by : (i| meainting the absorbing capacity of seeds 
(Slazkin, 1936); (ii) determining changes in the enzymic processes 
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during tbc period of drought (Sizakyan. 1938, 1940; Sizakyan and 
Kobaikova, 1947); (iii) determining the germination of seeds in salt 
solutions of increasing concentration (Sergeev. 1937; Sergeev and 
Lebedev, 1937); (iv) noting the rates of germination and seedling 
growth under conditions of water stress (Semakin, 1937; Shakti Gupta, 
1957); (v) measuring the absorption of water vapour by seeds 
(Semakin, 1937); and (vi) determining the electromotive force in 
germinating seeds (Niznikov, 1940). 

All the above mentioned methods arc based on the tacit assumption 
that the capacity of a plant to resist drought remains unaltered during 
the juvenile as well as the adult phases which is far from being the 
case. The capacity of a plant to endure willing changes considerably 
with the age of the plant (Stefanovskii and Gusein, 1937; Sokolcnko, 1939; 
Fuchs and Rosentiel 1939-40; Zablouda, 1938, 1940, 1948; Skazkin. 1938, 
1939, 1939a, 1939b, 1941; Konovalov, 1938; Chinoy, 1947a, 1960, 
1961. 1961a. 1962. 1962a). 

Attempts have also been made to determine the drought resistance 
of plants by subjecting them in the seedling stage to the effect of a 
current of hot air in specially designed chamben (Pahridge 
and Mair, 1936; Hunter et al.. 1936; Kenway and Peto, 1939; Aamodt, 
1935; Shirley, 1934; Dexter, 1942, Platt and D.irroch, 1942; Mueller 
and U'eaver, 1942; Carroll, 1943). Size and depth of the root system 
of plants have also been considered as criteria for measuring their 
drought resistance (Cannon. 1911; Evans, 1937; Haber, 1938; Conrad 
and Veihmeyer, 1929). Haber (1938) and Pavlov (1930) have also tried 
to correlate the number and sire of stomata and vascular bundles as 
well as osmotic pressure with drought resistance. Photosynthetic 
activity and grow'th have also been used as indices of drought resistance 
of a plant by a number of workers (Medvedev, 1937; /ksana and Manr, 
1950, 1955; Ashby and .May. 1941; Stocker, 1961). 

the above mentioned methodt have given, results of limited 
value because in none of them the interaction of various internal and 
external factors which influence drought resistance at different stages 
of growth and development of a plant were studied. 

Tumanov’s method of permanent wilting was based upon .Maxi- 
mov’s (1929) concept of drought resistance in plants already referred to 
in this review. This method essentially determined the survival value of 
plants under water stress and did not throw any light on the rate of iu 
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revival after undergoing wiUing. Ashby and May (1941) attempted to 
determine varietal difl'erences in drought resistance of two oat varieties — 
Algerian and Fulghan. During the period of drought treatment (which 
was given simultaneously to the two varieties and not at comparable 
growth stages in each case) they found varietal differences in stem 
elongation and concluded that the variety which showed quicker stem 
elongation during the recovery period was more drought resistant than 
the other. As the two varieties of oats used by Ashby and May differed 
in their time of flowering the above conclusion cannot be considered 
as valid because irrespective of the creation of water stress or not the 
earlier flowering variety would always show faster stem elongation than 
the later flowering one. Such correlations between flowering and stem 
elongation have been established in our laboratory by Sirohi (1956) for 
a large number of oat varieties. 

Direct agrophysiological experiments undertaken to determine 
growth, development and yielding capacity of different species and 
varieties of plants grown in the field both under irrigation as well as 
•dry’ condition have so far yielded the most reliable data regarding the 
ability of plant to endure drought (Zablouda, 1940j Saks, 1939, 1941; 
Ersov, 1939; Chinoy, 1947). Such studies on growth and yield beha- 
viour of 260 wheat varieties were carried out by the present writer for a 
number of years from 1941 to 1947 (Chinoy, 1947, 1947a, 1949, 1950). 
Highly significant inverse correlations were obtained between grain 
yield and mean maximum temperature of the ripening period, as well as 
between 1000 kernel weight and mean maximum temperature of the 
ripening period. Experiments with wheat varieties belonging to 
iffcrent flowering classes which were subjected to various combinations 
of vernalization and photopcriodic treatments, showed that a synchroni- 
zation of flowering was brought about in them. This also resulted in a 
shift of the ripening periods of early and late varieties in either a low 
or a high temperature range thus affecting beneficially or adversely, as 
the case may be, their 1000 kernel weight and yield (Chinoy. 1949a). 
Experiments on the ontogeny of the wheat grain have also clearly 
detnonstrated the strong influence of the temperature of the ripening 
period on kernel growth in the plains of India as well as under vernali- 
zation and photoperiodic treatments (Chinoy and Sharma, 1957, 1958; 
Sirohi. 1956; Crag, I960; Mansuri, 1965), 

On the basis of the above mentioned studies experiments were 
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undertaken by the present writer to determine the resistance of wheat 
and barley varieties to wilting by using a modified Tumanov’s method 
of permanent wilting depending not only upon the survival of plants 
after wilting, but also on the determination of their growth and 
yield responses (Chinoy, 1960. 1961, 1961a, 1962, 1962a, 1964; 1964-67; 
Chinoy, Jani and John, 19661* Drought intensity was deteimined in 
accordance with the formula (Chinoy, I960) : 



where I is the drought inteosity, m is the mean per cent soil 
moisture during the period of wilting, t is the mean temperature during 
the same period and K is a constant (number of days in the willing 
period). 

These experiments showed that wilting at the tiller initiation stage 
not only did not adversely aflect the growth and yield of wheat but to 
a certain extent enhanced them more especially in early varieties. 
Wilting treatment at the shooting and the flowering stages on the other 
hand lowered the yield of grain nnd 1000 kerne] weight. In both the 
cases there was a progressively greater reduction in yield and 1000 
kernel weight with increasing lateness in flowering of varieties. This 
progressively increasing reduction In yield was ascribed to the prevailing 
higher temperature during the ripening period of late flowering varieties. 
Temperature of the drought period had also a profound effect on 
survival value as on growth and yield of plants after recovery from 
wilting. 

Synchronization of growth and developmental stages in early and 
late flowering varieties brought about by subjecting them to various 
combinations of vernalization and photopcriodic treatments resulted in 
the elimination, to a considerable extent, of diETcrenccs in their response 
to willing. In other words ihc response of nil varieties to drought 
any comparaWt gsow\h ttage wai similar ^wwpwblUUed 
data; also sec Chinoy, 1964*67)* 

IV— pRE-sowi.NC Hardening Treatuent 

Tumanov showed that repeated willing resulted in .t “hardening” 
of the plant tissue analogous to that obsersTd at low temperature. On 
the basis of this obsers ation various pre-sowing hardening trc-Mmenli 
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have been evohed (Henkel andKoIotova, 1939j Henkel, 1939, 1956; Repin 
and Tiskov, 1940; Smirnova, 1939; Semaktn. 1938; Isip, 1940, Chinoy, 
1942, 1947a, 1964-67. 1967; Shakti Gupta. 1957; Nanda, Chinoy and 
Shakti Gupta, 1959). The method essentialiy consists of pretreating 
seeds with a solution of a salt or a growth regulator and drying them. 
This pretreatment is repeated three times and then seeds are sown in the 
usual manner. Recently the reviewer has developed a method of pretreat- 
ment of crop seeds with a solution of ascorbic acid (25-50 mg/1) which 
has given an increase of 20-30% in grain yield under field conditions 
(Chinoy, 1964-67, 1967). Results indicate that this pretreatment brings 
about some changes in the lyophilic colloids of seeds, enabling them to 
imbibe water even when there is water stress. There is enhanced 
hydrolytic activity of amylase in pretreated seeds. This is confirmed 
by a steeper fall in starch content of pretreated seeds with a con- 
comitant increase in them of soluble carbohydrates especially sucrose. 
Rise in the sugar content is very conducive to the synthesis of ascorbic 
acid as shown earlier (Chinoy. 1962. 1964-1967; Chinoy et al., 1965, 1967). 
It is worthy of note here that ascorbic acid plays an important role in 
imparting resistance to the plant against desiccation which might lead 
to the disorganization of the enzymatic mechanism (Chinoy, 1964-67; 
Stocker, 1956, 1961; Solomon, 1955; Startseva. 1963; Shcherbakov, 
1963). 

The question of paramount importance from the theoretical point 
of view as well at that of crop production is whether the varietal differ- 
ences in drought resistance observed by many workers are due to real 
genetic differences in the properties of protoplasmic colloids, sugars, 
osmotic value of the cell sap, or the morphophysiological characters of 
t e p ant, or merely due to differences in environmental factors like 
temperature, humidity, light, etc,, at the time of wilting treatment given 
to the plant as well as during some of the important stages of the plant 
life such as microsporogcncsis. fertilization, development of the grain 
and others. 

Recently Levitt (1962) has formulated the sulfhydryl-disulphide 
hypothesis for explaining frost resistance in plants in which it is 
proposed that injury is due to an unfolding and therefore a denatura- 
tion of protoplasmic proteins tcsnlting from the formation of inter- 
molecular -SS- bonds induced by the close approach of the protein 
interchange. Gaff (1966) has shown that this hypothesis can be applied 
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equally well in the case of drought resistance. 

Stocker and his associates (Stocker, 1961) have tried to study 
changes in the protoplasmic structure by determining its viscosity and 
permeability. The viscosity of plants grown under constant dry condi- 
tions was found to be higher than that of plants grown under normal 
watering. 

These workers could identify two phases during the time course 
of changes in the viscosity, (i) a reaction phase; and (ii) a restitution 
phase. During the first phase the viscosity was reduced to one-half its 
original level, thereby showing that loosening of the protoplasmic 
structure had occurred. IVhcn the moisture of the soil had reached 22 
per cent of the field capacity the viscosity increased thus indicating that 
the protoplasm was reverting back to a firmer bonding. This w.as 
named as a “restitution phase”. With a rising tendency in viscosity Its 
value reached 3J times the original value after nine days. This was 
called the state of increased drought resistance knosvn as hardiness. 
^Vith the restoration of soil mositurc the viscosity came down to its 
original value on the eleventh day, the so-called ’‘normalbavton phase". 

Reaction and restitution phases were also observed during the 
measurement of p<rme.ability. Permeability increased for water, urea 
and glycerine during tlie reaction period. On the other hand the 
permeability for the first two substances decreased and for glycerine it 
increased during the resitiution phase, thus indicating that it was con- 
nected wiih lipoid solubility. 

On the basts of the foregoing these investigators have tried to 
explain the changes occurring in the protoplasm during the reaction and 
restitution phases as follows : TI>c loss of water during reaction phase 
causes the shrinking of hydrophilic groups of the protein molecules 
leading to mechanical tensions and the exposure of bonds. As a conse- 
quence the bonds are broken and tearing and loosening of the structure 
of tljc protoplasm takes place. Tlie protoplasm does not merely return 
to the normal state during the restitution phase but there arc quantita- 
tive and qualitative changes in its protein-lipoid ivstcm. 



268 : Natural Resources of Rajastiiak 


mental stages on growth and yield of different Indian and American 
varieties of barley tried so far appears to be similar to that obtained 
in the case of wheat. 

Seedlings at various stages of germination were desiccated for 5 
and iO days respectively and then revived. Determinations of various 
enzymes and other metabolites were carried out for embryo axis and 
endosperm separately before and after desiccation as well as after 
revival. 


The longer desiccation perid depresses catalase activity. However, 
on revival it increases to such an extent that it surpasses that of undesic- 
cated embryo axes. Amylase and lipase activities on the other hand 
are appreciably enhanced in the embryo axes during desiccation. Even 
after revival there is higher amylase activity, whereas there is a fall in 
lipase activity. There is no starch in the embryo axis. The endosperm 
of desiccated seedlings lose their starch much more rapidly than that of 
undesiccated ones. On the other hand there is an appreciable enhance- 
ment in reducing sugar content of desiccated embryo axes as well as 
endosperm. Sulphydryl content of the embryo axis is lowered during 
desiccation; but ou revival the loss in-SH -content is more than made 
good. Concentration of free ascorbic acid as well as its utilization 
increase during iO-day desiccation compared to those in undesiccated 
ernbryo axis. On revival, however, the A^ content registers a fall, 
ihc concentration of ascorbigen (bound ascorbic acid) is the highest in 
embryo axis revived after lo^iay's desiccation. 

During the adult growth period of the plant, also the effect of 

willmg on varrou, metabolites of the leaf was determind before and 

during rhe period of wilting as well as after revival. In most eases leaves 
of wilted plants contained greater amount of reducing sugar compared 

to that rnunwilted plants; whereasuhe reverse was the oL with non- 

redncrig sugar. The RNA content of plants receiving wilting treatment 
at the flowering srage was signiBcanrly higher than that of plants wilted 
dnrmg the shooting Mage. The leaves of „i„ed plants generally 
conmined more RNA comparison to that of nnwilted plants as well 
as that of plants whtch had revived after wilting. DNA content of 
p ants wilted at the shooting stage was appreciably higher than that of 
plants receiving wilting treatment at the flowering stage. Wilted leaves 
showed an enhanced DNA content compared to that in the unwilted 
ones. Under continuous svater stress -SH- content of leaves registered 
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a decline in comparison to that of fully watered scries. ^Vllting of 
leaves at different stages of growth alsodcpressed the — SH — content. 

Leaves of wilted plants grown under long-day condition contain 
greater amount of free ascorbic acid and a lower concentration of ascor- 
bigen in comparison with the leaves of plants grown under normal-day 
condition. Further the utilization of ascorbic acid in wilted leaves of 
long-day plants was slower than m corresponding leaves of unwilted 
plants. The reverse was the case under normal-day condition. 

Earlier it was shot%n that alternate soaking and drying of seed 
brought about an acceleration in the flowering of nine varieties of 
Indian wheat (Cliinoy, 1942). On the basis of this acceleration it was 
postulated (in 1942) that a separate developmental phase existed which 
was termed as the “drought phase’*. Such an accelaration in the 
developmental process of various crop plants has been observed from 
time to time (Chinoy, 1954-67, 1967; Chinoy tt al., 1966; Acharya, 
1968). Further it may be noted that where the plants were revived 
after subjecting them to wilting treatment before or at the stage of tiller 
initiation there was invariably a signiHcant increase in tiller and dry 
matter production, as well as In grain yield. Flowering svas also accele* 
rated to some e.'ctent. This beocflcial effect on growth, development 
and yield produced during the period of revival after the plants had 
undergone “permanent wilting” for a number of days hat been 
confirmed again and again for a number of crop plants during the last 
27 scars (Cliinoy. 1942, 1947. 1960, 1961, IPGla, 1962, 19G2a. 1961; 
Chinoy et cl., 1966; Acharya, 1968). It would, however, be well to 
point out here the fact that sucli an enhancement in growth and yield 
as well as cariiness in flowering s%Trc brought about only in plants which 
were placed under “permanent wilting” during the juvenile stage or at 
the tiller initiation stage for a fesv days and then restored to normal 
water condition. In the case of plants placed under continuotu water 
stress (7-10% soil moisture) there was apprcti.sblc reduction in growth 
and yield with slight earlincss in flowerins: (Chinoy, 1961-67). Similarly 
wilting .Tt the shooting and the flowering st.Tges caused significant 
reduction in growth and yield of plants. 
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bakov, 1963; Chinoy. 1964-67; Chinoy al., 1968), also taking into 
consideration the ascorbic acid concentration of embryo axis and 
plants raised from seed which were pretreated by alternatively soaking 
and drying them in solutions of various growth regulators including 
ascorbic acid (Chinoy. 1964-67. 1967; Patel, 1967; Acharya, 1968; 
Henkel, 1961; Zemlyanukhin, 1964) and further considering the ascorbic 
acid— nucleic acid— protein metabolism concept of growth and develop- 
ment of plants put forward earlier (Chinoy, 1962. 1964, 1967; Chinoy 
and Mansuri, 1966), one is led to the conclusion that ascorbic acid 
pla)s a paramount role in providing protection to the plant during 
drought by creating a suitable redox environment for anabolic 
activities. 


Over and above that a willing period of short duration during 
t c early stage of a plant’s life stimulates the participation of ascorbic 
acid in synthetic processes as an electron donor during the period of 
recovery, most probably by the accelerated production of free radicals 
or ascorbic acid and also by stimulaiing tbe formation of a charge 
transfer complex between ascorbic acid and maoromolecules. Enhanced 
growth and accelerated flowering obtained in the caie of plants under- 
going willing during the tiller initiation stage are the resultant, of the 
activation of metabolism as staled above. 

'ho'ofote. it can bo said that for the proper 
the he ?■ resistance, both from 

necetr '" 7 H would be not only 

of 1 ° ^ eomprehensivc experiments to study interactions 

devernT' "‘"r' at different growth and 

™ and ^ “»Plea of metabolic 

and”yJd tfT'p'lfn.."''"’^" ■“'‘"'^■”5 growth, development 


V — Summary 

of its Itcfer' -r plants is so vast that even a few 

this tvDe Tl ""r ^ ^ dealt with in a restricted review of 

drou rr'es-? “'a’ ™ the problem of 

arought resistance are dealt with here. ^ 

severaf°*,eruTlT‘'H"' “re conditioned by 
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resolved by carrying out comprehensive experiments involving interac- 
tions' of several factors. It is for this reason that attempts to evaluate 
drought resistance of plants by measuring a single morphological or 
physiological characteristic such as absorbing capacity and enzymic 
activity of seedlings, rate of germination, electromotive force of 
seeds as well as depth of the root system, number and size of 
stomata and vascular bundles of adult plants have yielded results of 
limited value. Direct agro-physiological tests involving a complete 
analysis of growth and yield characters of a plant have so far yielded 
the most reliable data. Experiments have also been performed to 
determine the resistance of plants to ‘permanent wilting’ by determing 
the degree of survival as well as by studying the revival in terms of 
growth and development. In this also incomplete and one-sided 
studies have failed to produce results of real value. Only when a 
comprehensive study of dilTercnt growth, development and yield charac- 
ters was made in relation to environmental factors reliable information 
regarding the degree of resistance to drought could be obtained. 
Maximov considered two characteristics, viz. hydrophily and permea- 
bility of the protoplasm as the main factors of resistance, Levitt is 
of the view that injury is due to denaturing of protoplasmic proteins 
resulting from the formation of IniermoIccuIar-SS- bonds induced by 
the close .npproacli of the protein chains. 

Work in the writer’s laboratory has shown that wilting during 
the juvenile as well as tiller 'initiation stages followed by restoration 
of adequate moisture level enhances growth, hastens flowering and 
increases yield. On the other hand, drought treatment at the shooting 
and the flowering stages, adversely aflecls these characteristics. Free 
ascorbic acid concentration rises during desiccation at the expense of 
ascorbigen (bound ascorbic acid). After the termination of the drought 
the concentration of free ascorbic acid declines and that of the bound 
ov,c lasccrtbsgtTi') lists. On rtvt basis of she Cottgolng as well as etUet 

data it has been suggested that os'cr and above affording protection to 
enzymic and other metabolic processes from disruption during drought 
ascorbic acid accelerates these processes during the period of rcs-ival 
by accelerating the production of its own free radical and also by 
complexing with marromoleculei to produce a charge tr-insfcr complex, 
thereby supplying electronic energy for the synthesis of the constituents 
of the cell at enhanced rates. 
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In conclusion the need for carr^’ing out comprehensive experiments 
involving interactions of internal and external factors of resistance as 
t\cll as a study of metabolic events and energy transfer systems is stressed 
to throw more light on this complex problem. 


VI — References 

Asmodt, O.S. 1935. CenaJ. J. Res 12 : 788. 

Atl-ar>a. U.H. 1563, Ph. D. Thesis. Gujarat Untverjity 
Asana, R.D. and Mani, V.S. 1950. Phjsial. Ptani, 3 : 22. 

Asana, R D. and Mam, V S. 1955. Pfystel. Plaitl.. 8 : 8. 

Aihby, E. and May. V. 1941. Lsnis. Sat., £6 : 107. 

Bayl«. D.B , Taylor, J.N. and Barlel, A T. 1937. J. Amer. Sat Agron . 29 : 40 
Bris?s, L. J. and Sbaot*, H.L. 1913. USJ>.A. Bae. Plant Ind. Bull. No. 284. 

Briggs. L.J. and Shant*. H.L. 19U J. Agtie. Rtt., 3 : I. 

Cannon, VV.A. ISlKCarargia 7«ji No. 131 

Cifiol. J C. 1943. J. Af,. Sat. Agsta.. 3$ : 77. 

ChiBoy.J.J, 1942. Cttrr.Sei, It s400 

Chinoy. J.J. 1947. A'alarr (London). 159 : 442 

ChiBoy, J.J. 1947a. Iidtan Famhg, 8 : 72 

Chinoy, J.J. 1919. .Va/irrr (London). HI :879 

Chinoy, J.J. 1949a Cvrr. &i., 18 ; 414 

Chinoy, J.J. 1930 A’a/arr (London), 165 882 

Chinev.J. J. I960 Fylsn, 14(2) : 146-157 

Chinoy, J.J. I961. Fjhii, 16(2) : 131-139 

Chinoy, J.J. 1961a. 17,1,. |.io 

Qinoy, J.J. 1562 Indiaa J Plant Phjisal., S •. Vt-lOl. 

Chinoy, J.J, 1962. Fyian. 18 : 5-10. 

Chlnoy.J.J. 1962b Fyicn, 19 l( ; n.JO 

Xlntmal Fat. Oagr., Abrtracti. Pact 1, 349. 
y.J.J 1904^7. R„. Repif.lt, Vll. PJ.. 480 Ret. Piaj.So. FG-In-208 (A7-CR- 

PK- r T , B'hoolorSci.CujaratUni. 

^■noy. J. J. 1967. Pccna Agn Call. Maf . 57 . j.e. 

■noy. J.J Shah, C.K , Paid, H T and Suthar.H.K. 1965 Prat. Seminar an Tissue Culture. 
Chinov 1 T 2».28. 1965.p 377. 

Chm/’ t I H.T. and Suthar. H K 1967. P/a«t . 9 (3) S 182 

Chmoy. J. J.. Jan,, b M. and John, D. 1966. Proc. CrmelHanJ Devetapment a/PknlS. 

ijab Uni. Chandigarh, Dec. 28-30, pp. 169-187. 

^ '* md Raj. K P.S. Proe, Sjmp. an Xalurel Retaureei of Rajasthan. 

Oct. 23-26, 1968. tin Press) 

■ ’ •'> Craatk and Detelapment of Plants 

rK.nn., I I Chandigarh, Dee. 28-30. 1965, pp 60-83. 

Cootad. J P and \ei 


Chinoy, J.J.,j,n,, B 
Jodhpi 

Chlnoy.J.J and M; 


7. ,d;rotwr««ia. 3 (105) : 32. 

1. SN. 1958 Agraiialagia,Ko 110:53 

..s.r 

'.\"n 

I, U.H .nd Rown[..l, K. .... ,,939.40, J., PJhnzt...uhliu<g. 1 : 263. 



274 : Natural Resources of Rajashian 


Sergeev, L I 1937. Hirb 161 

Sergeev. L I and Lebedev. A M 1939 Her* MH . 7 : 322 

Shcherbakov, B I 1963. Ciel AitI , 45(24) 106010, 1961 

Shirley. H L 1934 Somit ,79-14 

Shakti M. Gupta 1937 Pb V. Thmi, Delhi Uni 

Sirohi.GS 19'i6 PhD /Aeiu, Delhi Uni 

Sizakyan, N M 1938 Her* 8 ; ./6t 

Sizakyan, NM I9W lid ,4W Aa«* CCO*. Moecow, USSR U6 pp 
Sizakvan, N M and Kobaikova. A M 1917 fiieitilimiM. 12 377. 

Skazkin, I- D 1936. Her* /»ir,6:ID 

SLazkm, r.D 1938 CR (.DoUadyl ilecil. 5n L'SSA. IS : 303. 

Skazkin. rO 1939 Ht'b eliji , 9 : 30 
Skazkin, FD 1939a Hot .44i(., 9 : 301 
Skazkin, FD 1941. //rri d4i< , It ^48. 

Smirnova, AD 1939 Hr>» ,!*]<, 9; 30. 

SoVolenko, N F 1939 llirt Aiit , 9: U2. 

SoImOR, L,L. 1935 Biol aIiI.. 30 ; 9553, 1956 
Sunieva. A V. I9b3 2!«i( ^*rt,S5(24): 106114. 1901. 

Stefatiovskii, I A, and Gusem, I V. 19*7 Cft. (Dollandf) Atcd. Set, USSR, 16 s 465. 

Stocker, O. 1936 rnc.yr(p. PUfil Phytiol . 15 (I). 

Sioeker, O , Schmidt, 11 and Rebn. S 1913. JaAr*. Il’irr. ilalaa 

Tumanov, I I. 1910. tiooiy itoiailaiTazJi luliutnjth reilenii. SeUhtttUi 

Moicow. USSR. 306 p 

Tumanov, I 1 1931 Or«i«iii^ierfoi/i4Af«ii»*iietiilei««tt»iei4«eA<’"’*'"er»4W4»/a(t*«Wllr«*<’"'|^*' 
Timiriazevikeie Cleicnie. Iidaiel, itvo Akad. Nauk SSSR, MoscowLoningrad, USSR. SSp. 
ZaWeuda.OV 1938 CR ,4m 4. Sc.. USSR. IB : 593. 

Zahlouda C.V 1946. Sent Bet , No. 5-C • 154. 

ZaWouda, 0 V. I9t8 Ot^t Siodlenk. 130p. 

Zemlyanukhin, A A 1964. Fntel Rati . 11(61 : 1047.1055. 



PLANT-WATER RELATIONSHIPS UNDER ARID 
CONDITIONS OF WESTERN RAJASTHAN 
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(WJlh 2 Text-liyure* and 2 Tables) 


I — Introduction 

Plant life in general presupposes ample moisture. Under the arid 
or semi-arid conditions where natural supply of moisture is limiting, 
one feels naturally interested about the reactions of plants to water 
shortage, not only for its importance in plant life, but also for its direct 
impact on the productivity of the land. However, the subject of plant* 
water relationships under arid and semi-arid conditions is extremely 
complex and the diverse facets of this problem have been admirably 
presented in the Review of Research on this subject (1960) and the 
proceedings of the Madrid Symposium (1961), both published by the 
UNESCO. However, in Rajasthsn we arc particularly interested in 
the water relations of the plants which grow in its vast arid and semi 
arid tracts and, therefore, an attempt has been made here to outline the 
general information on this subject. 

II— AVaTER Loss FROSI THE EXISTING PeRF.VNIALS 

The pattern of stater loss of the plant species already cxistintj in 
the descrtic area gives us a primary clue about the nature of .idjuit- 
ments in their water relation which help them to overcome the rigours 
of water shortage. Moreover, appraisal of means by which the exploi- 
tation ofilie natural water resources of arid lonc maybe improved 
economically by modifying the structure of the plant cover, qualitatively 
as well as quantitative]), must be based essentially on a Lnowinige of 
the moisiuTC turn-over of the existing or artificial forms of vegetation. 
Information. (Lahiri, 1964, 1965. 1966; I.ahiri and Kumar. 1961) 
collected so far on ilic water turn-over behaviour of dune plants 
indicate that most of them transpire at a very Ingh rate throughout 
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the year. For instance, in Tecomella undulaia 9 to 10 gm of water s>as 
lost in a summer day per gm of fresh leaf tissue. However, only during 
the winter, due to low dawn temperature and shorter day length, water 
loss was reduced to about half. But the high rate of transpiration during 
the noon hours was more or less similar in both the seasons. There 
are, again, differences in the transpiration rates of different species. In 
plants like Sahadora eleoides, rather low rates arc encountered which 
rarely exceed 500 mg/gm/hr, whereas, in certain other plants like 
Airta ptTsita transpiration during the afternoon may range betsveen 
1200-1500 mg/gm/hr. In any case, evidence collected so far indicate 
that the existing perennial vegetation of this area does not economise 
in their water (urn-over. This is possible because in most cases they 
have \ery deep root system which enables them to tap water from 
deep moist soil layers. In one case it was found that a tsvo feet 
high A. ptTsica plant had a thick root system (21' circumference) even 
at a depth of about 20 feet indicating root ramifications upto great 
depths. 

Root excavation of Ptosopu mrraria was undertaken by the 
late Prof. B.E. Nikolae%-Uch, UNESCO expert to this Insihute, 
who found that even at 8*10 metres roots with thick secondary 
growth were going further down. These roots penetrated the kankar 
layer In the course of their growth. It is possible that this tree, 
which abounds in the sandy plains of western Rajasthan, behaves in 
certain regions like a “Phreotophyte” of “well plant” of Meinzcr 
(1923) which h.ibiluatly obtains its svater supply from the zone of 
saturation either directly or through the capillary fringe and thus the 
perennial and secure supply of ground water makes it independent of 
the moisture regime of the upper strata of soil. Another phreotophyte 
of this area is Prosopis juUfota. Itsroots have been reported to penetrate 
60 ft below surface in Arizona (Kearney and Peebles, 1951). Extensive 
studies on phreotophytes have been conducted and an excellent review 
on the subject has been presented by Robinson (1958). 

Tbe ground svatcr used "by most pbreotopnytes ’has a low bene- 
ficial use so far as man is concerned and, therefore, Thomas (1951) has 
suggested the general term “consumptive waste” to denote the water 
returned to the atmosphere by these plants. Studies on the water loss of 
Piosopis spicigera tree community, consist!'' ■■ about S*' indicated 

that the annual water turnover is appr • [y 2!^^' ^ -r hectare 
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(Lahiri and Kumar, 1967). Studies on the water balance of this commu- 
nity indicated that fluctuations of moisture tension in the upper layers 
of soil have hardly any effect on the internal moisture balance of this 
tree (Lahiri, 1965). During the summer months of May and June, when 
the soil water tension is often above 15 atm even upto a depth of 100 cm, 
the relative turgidity of its leaves varied only between 72.0 to 88.0 per 
cent. Further studies on water relation revealed its capacity also to 
absorb moisture through its aerial organs (Bhatt and Lahiri, 1964). 

In U.S.A. consumptive waste of water by such plants in the arid 
and semi-arid West is considerable and therefore the importance of 
salvage is being considered where the demand for water is on the 
increase. Robinson (1958) has suggested that the salvage may be 
affected in two ways ; Lowering the water table beyond the reach of 
phreotophytes by pumping or drainage and subsequently using it 
economically) and by substituting plants of high economic value. 
In western Rajasthan this problem also requires attention, keeping in 
view that not all phreotophytes are unproductive since they provide 
wind break, fuel, fodder, and also help in erosion control. 

III— Adjustments Water Use at the Sbedlino Stage of 

Desert Perennials 

Going back to the basic issue of plant water relationship, one feels 
interested to know about the moisture adjustments of the trees of this 
area at their seedling stage when the root system is limited. Investiga- 
tions on the seedlings of TecomtUa undulata indicated that fluctuations 
of soil moisture brought about by different levels and intervals of water- 
ing do not markedly influence the transpiration rate per unit area of 
leaf but the moisture economy is brought about by the reduction of total 
transpiring surface, as well as, by the reduction in the area of individual 
leaves (Lahiri and Kharabanda, 1966a). This adaptive mechanism may 
also be operative in the nature. In a drought cycle the reactions of the 
seedlings seem to be more or less identical to those of shallow-rooted 
plants. 

IV— Reactions of Crofsto Water Stress at DrrrERE.vr 

Stages or Development 

Unlike the deep-rooted plants, water relations of shallow-rooted 
plants, particularly of crops, nrc far more complex since they solely 
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depeod on the moisture available in upper soil layers, i.c. largely 
the rainfall. In this context we may bear in mind that only 
the quantum of rainfall is not important but also its distribution. Since 
the resistance to water shortage is not a static feature but intimately 
related to the dynamics of development (Henke), 19GI), study of the 
effects of phasic drought on plants has a great significance. Investiga- 
tions (Lahiri and Khtirabanda, 1966) carried out on P. tjiphoUts 
indicated that in general susceptibility to drought increases with the age 
of the plant, althougii, magnitude of responses alters in different phases 
with respect to different characters under consideration. It was further 
observed that water stress at the onset of reporoductivc phase has the 
maximum adverse effect on the yield. Relatively higher moisture 
content in the older plants under drought conditions and greater 
vulnerability to moisture stress at those stages lead to the conjecture that 
in older planis small changes in tissue hydraturc may bring large changes 
in metabolism. Subsequent studies (Lahiri and Kumar, 196C) further 
confirmed that drought efTccts are closely related to the senescence In 
bulrush millet. It could be demonstrated that drought effects may be 
reversed in young plants and this reversion mechanism becomes weaker 
with age. It has also been observed tli.ai the moisture stress decreases 
the yield but the grains which arc formed are far more rich in nitrogen 
and proteins as compared to the plants growing under favourable 
soil moisture condition. Thus in dcscrtic Rajasthan agricultural 
production, as such, may be low but there is no deterioration of the 
quality. 

V— Consumptive Use of Moisture by Crops 

It is of interest to know the extent of consumptive use of moisture 
by the crops of this area. It is to be noted that the consumptive use 
of moisture may be extremely variable since it depends on soil moisture 
supply, apart from certain other factors like temperature, humidity, 
wind movement, etc. (Makkink and van Humst, 1956; Prashar and 
mgh, 1963). Nevertheless, it may still serve as a useful index to 
compare the varieties and species under identical set of conditions. 
In experiments conducted under field conditions at Jodhpur during 
two consecutive years, 1964 and 1965, a general idea of consumptive 
use of different varieties of legumes has been obtained. From the 
Table 1 it may be observed that differences in rainfall have brought 
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about certain differences in the consumptive use in two years. 
Although the differences between the varieties were not large but the 
one having the highest value, was same in both the years. Similarly, 
for Bajra varieties RSK and RJS the consumptive use has been found 
to be around 180 mm and!76mra respectively. Consumptive use is 
usually low in the seedling stage but increases progressively upto the 
rcproductiv’c phase which is followed by a decline. 


Table 1. — Comumptive use of different carieties of legumes during 
two consecutite years 


Specin and varieties 


1964 

I9C5 


Coniumpin 

e Rainfall during 
groMing period 

ConiucipMve Rainfall during 
vtc in mm growing period 

C Ktiajenataka tCuar) 

Var Local 

97 


70 

Var. l.C. 5495 

ItO 


100 

Var, Phaliana 

95 


69 

P. attnUifaUus (Moth) 

Var. 4.1 |57) 

(C6 

273 

C3 235 

Var. Local 

113 


104 

Var. 6 14.1 

93 


84 

P. avtvt (Moone) 

Var. T 150 

t(0 


IM 

Var Locil 

127 


107 

Var. RS4 

119 


105 


The transpiration ratio or the w.iter requirement of Bajra under 
our conditions is around 420. In the initial stages transpiration ratio 
remains high when the dry matter production is low. During the 
vcgciathe period increase in dry matter production lowers the transpira* 
tion ratio which increases again to high values at the end when the dry 
matter production ceases. • 
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moisture usage early in the season and thus less moisture is available to 
plants at the reproductive phase which adversely affects the yield. In an 
experiment conducted at Central Arid Zone Research Institute, Jodhpur, 
during 1966 (190.2 mm rainfall during growing period) it was observed 
that in Bajra fields only about 40 per cent available moisture remained 
at earing stage which decreased further at flowering and fruiting. It is 
envisaged that fertilizer induced vegetative growth and consequent larger 
depletion of soil moisture would subject the plants to high stresses at the 
reproductive phase causing a decrease in production. But, the situation 
may be completely different if adequate nutrition induces optimum 
plant vigour as a drought evasive measure and better root growth for 
efficient moisture absorption from a larger area. Investigations on these 
problems remain under way. 


VII — Relationships between Water Uptake 
AND Nutrient Uptake 

In this relation the dependence of nutrient uptake on soil moisture 
condition is the central issue. However, experimental observations on 
this subject are rather equivocal. Hewthorne (1956) has listed nine papers 
reporting that the P uptake was unaffected within wide limits of soil 
moisture contents, and twelve papers reporting that the P uptake is 
decreased with decreasing soil moisture. Our unpublished data on the 
mtrogen uptake behaviour of Bajra varieties under different moisture 
regimes indicaied that plants grown under low soil moisture conditions 
contain much higher nitrogen per unit of tissue weight in comparison 
tvit those growing under higher moisture regime. However, poor 
vegetative growth {associated with lower yield) under low moisture 
COD itions decrease the dry weight of the plant and thus lower nitrogen 
content per plant. Data presented in Table 2 elucidate this point, 
n uence of soil moisture status on the rate of uptake of nitrogen has 
h observed that bajra var. 
y . RSK and T55 have double peaks indicating greater demand of 
nitrogen at the tillering and earing stages. It may be noted further that 
t e intake rates at the field capacity, and at field capacity to 1 and 8 atm, 
•were more or less comparable but it decreased only at the 15 atm 
regime. ' 




Table 2. — J^lrogen eenlenl expressed as percentage of dry tissue weight and as 
mgiplant in Bajra car RSK, T 55 and Hybrid I (Age of plant 55 days) 


Vir 

Control at F.C. 
(1/3 atm) 

Plant watered t« F C. wbeo the toil tsoisttire decreased to 
indicated tension 




1.0 Atm 

8 Atm 

I5Atm 


N 

N 

N N 

N N 

N' N 



(mg'plant) 

% fmg plant) 

% (mg'plani} 

% (rog/pUnt) 

RSK 

1.2943 

&4.45I] 

IJ420 43 2216 

1.4683 46 9921 

1.9743 26 0607 

T55 

1 2050 

38.0780 

1.3485 37.7608 

I 4567 35 9804 

1.5939 32.8343 

HBI 

1.3C00 

51.7400 

1.3671 44.1573 

1.4333 39.6750 

2.0720 37 5032 


VIII — Effects of ^S'ater Deprivation on Nitrogen Metabolism 


The basic problem of relative drought resistance of plants, however, 
still remains unresolved. Although this character is often attributed to 
colloido-chemical properties of protoplasm, or in other words to 
qualities of protoplasmic proteins, our knossledge of this subject is frag- 
mentary and inadequate. In general it has been observed (Stocker, 1960) 
that moisture stress leads to an accumulation of soluble nitrogenous 
compounds and thus a concept has been favoured for increased proteo- 
lysis. Investigations on the impact of waterdeprivation on the nitrogen 
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metabolism of P . trphaidti indicated that in the initial stages of tissue 
deh>ciration increased accumulation of soluble nitrogen content was 
possibly due to decrease in protein synthesis (Lahiri and Singh, 1968). In 
the wilted plants protein degradation was also triggered ofT. Inhibition 
ofprotien synthesis resulted in increase in the level of amino acid 
nitrogen during the initial drying period while in the wilted plants 
hydrolysis of proteins could also be a contributing factor. Ammonia 
nitrogen does not occur in detectable quantity in the initial stages of 
drought but if increases in the wilted plants. Sharp decrease in the 
leiel of ammonia nitrogen on rewaiering, with an associated increase in 
t e level of .imidc nitrogen suggested quick incorporation of ammonia 
with organic acids as a measure against ammonia toxicity. Increase in 
I e nitrate and nitrite nitrogen in the water deprived plants leads to the 
specu ation that enzymes participating in nitr.atc reduction process may 
DC affected by water shortage. 

HyrERTHERMIA OS NiTROOEN ^^ETAB0L1SU 
Apart from drought, plants growing under arid conditions are 

often subjected to adverse supraoptimal temperatures. In dry habitat, 

heaytgour is frequently associated with moisture stress, where plants 
tend to evade over heating by Increased transpiration. High transpiration 
rates of native vegetation, noted earlier in this paper, may be one of the 
means of heat regulation in these plants although quantitative data on 
this aspect arc not available for our conditions. However, information 
has been collected on the metabolic ahcr.nion in P. Ijpfioidts under condi- 
tions of hyperthermia. where soil water stress was virtually absent {Lahiri 

andSmgh, 1969). Hyperthermia triggered off proteolysis leading to in- 
creased accumulation of soluble nitrogenous substances. Degradation 
of proteins brought about an increase in the level of amino .acid nitro- 
!«. Ammonia nitrogen was found in detectable quantities after 12 
and 24 hours’ treatment at 48’’ *1“G which caused injury to plants. It 
has been speculated that during the first six hours of heat treatment the 
level of ammonia was kept low by its increased neutralisation with 
organic acids as a detoxicating measure. Although amide production 
was enhanced beyond this period, fast catabolic processes and possible 
nmitations of organic acid turn-over caused an increase in the 
ammonia level. The results suggest that increased organic acid pro- 
duction under hyperthcrmi.n may be a basis offbeat harr” ' plants 
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X — Role or Water in the Germination Regulating Mechanism 

Last but not of the least importance is the problem of initial 
establishment of plants. Germination of seeds under natural conditions, 
in arid tracts, is subjected to various adverse conditions and this has a 
serious impact on the subsequent stand of vegetation. Among the many 
factors which run counter to the natural propagation, meagre, as well 
as erratic rainfall and quick depletion of soil moisture are, of supreme 
importance. However, considerable information on the overall germi- 
nation regulating mechanism of desert plants, particularly of native 
grasses and trees, has been collected in recent years (Lahiri and 
Kharabanda, 1961, 1963, 1963a and 1964; Lahiri and Kumar, 1966a; 
Lahiri and Gaur, 1969). These studies indicated that the differences 
in the size of seeds or their dimorphic nature has a significant impact 
on the subsequent stand. Moreover, It was found that the quick water 
uptake and speed of germination are the main determining factors for 
success of establishment. Therefore, it is necessary to establish water 
uptake curves for different seeds. Relative differences in water uptake 
rates and time taken to attain the equilibrium stage of water uptake 
for three grasses of this area have been illustrated in Fig. 2. 

l. StNOICUS 

c. eiluais 



It could be further demonstrated that water intake of cudospcrni 
and that of embr) o are two distinct processes and effects of naturally 
occurring germination inhibitors like coomarine primarily affect the water 
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uptake by embryo. The glumes of grasses like Ctnchrus cilians, C. setigerus 
and Lasiurus sinduus which may absorb water 60 to 100 percent of 
their weight, serve more as a hinderance than help in the germination 
of enclosed seeds because they contain inhibitors. Success of plant 
establishment remains uncertain (ill these inhibitors arc washed away 
by showers. Occurrence of germination inhibitors in the leaf tissue 
oiP.juhflora has also been reported (Sankhla rt a/., 1965). Subsequent 
studies (Lahiri and Gaur. 1969) lead to the separation of one strong and 
one weak inhibitor from the leaf extract. Inhibitors contained in the 
leaf-htter inhibited the germination of difTcrent seeds to different 
extents. These being specific inhibitors, radicle emergence and root 
growth were restricted and thus affected the water intake of the young 
seedlings. 


on some selected fields of plant-svater 
relal.onship gives us a elimpsc of the diversity and complexities of the 
proljlem. If we aim at a greater production from this area, where the 
returns are usually low due to the hazard, of nature, iutensive researches 
on plant and environment complex are necessary so that the problems 
of and zone may be approached with greater confidence. 


XI— SoMMARV 

Dlantlvt’ ‘‘'i!!’ “f 

plant-watcr relationships m western Rajasth.nn. 

DcrenniAl water loss throughout the year in many desert 

rlrntr- r tnppmg,he ground water 

™d=r ' ttage, however, 

under cond.ttons of water shortage these plants economise tn moisture 

Z he This mechanism nt.y 

also be operating m mature plants. 

droui"^ ''■“■'“»-™oted plants like ,„,eeptibility to 

ZvZe e£?rZ“ vary and the maximum 

the TraiZMaT "P'-tln^ive phase. Although 

fnd nrr "™ ■‘™oghted plants, nitrogen 

and protem contents of grain, mere.se under such conditions. 

, H t. "“,‘>‘■"0“'”' of dtBerent varieties of legume, 

u rus millets indicate that amongst other factors rainfall varia- 
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tions may' change the values in dificrent years. Consumptive use is 
usually low in the seedling stage and it increases progressively upto 
the reproductive phase followed by a decline. At the earing stage only 
about 40 percent available moisture remained in the soil which 
suggested that high fertilizer treatments which induce rapid vegetative 
growth and greater consumptive use may further degrade the soil 
water status at the critical stage. Legumes like guar, moong and moth 
have a lower consumptive use than Bajra. 

Plants growing under low soil moisture conditions showed greater 
nitrogen concentration in comparison with those raised under higher 
moisture conditions. However, low tissue weight of the former 
resulted in lower nitrogen content per plant. The rate of uptake of 
nitrogen in bulrush millet, which has a double peak, does not change 
with alterations m moisture regime except under extreme conditions, 
although, the position and height of peaks may vary. 

Water deprivation leads to impediments in protein synthesis and at 
wilting protein degradation is also triggered off. Hyperthermia directly 
leads to hydrolysis of proteins. Under both these stresses capacity 
to produce more of organic acids to neutralise the ammonia produced 
under extreme conditions may be a metabolic index for resistance. 

Amongst other factors, water uptake characicristics of seeds and 
occurrences of germination inhibitors bas'e a significant impact on the 
establishment of desert plants. 
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meaning thereby that when Famine reclines, its feet are in Pungal, 
belly in Bikaner, head in Mcrta, it sometimes visits Jodhpur but has its 
permanent abode in Jaisaltncr. 

Whatever be the causes of these famines, as a net result of these, 
the land is deprived of its plants either by the famine-stricken 
people or their half-starving and cver-htingry horned-heads. Food has 
ever been man’s fint quest since his very arrival. In the face of scarci- 
ties the hardiness and power of resistance of the native people of the 
desert areas has increased, since it has been observed that every year if 
there is abundant graaing the crops arc poor; if the crops arc good, the 
water supply in the tanks runs out before the next monsoon, and, if 
both water and grain arc plentiful the grazing is scarce for want of 
sustained drizzles during the month ot'Sawan' or the months of July* 
August, The year when all those adverse conditions arc in collusion, the 
purchasing power of the otherwise resourceless and chronically poor 
inhabitants, falls much too low and the only alternative left with them 
is to derive their sustenance from the scattered wild plants which thrive 
on the otherwise almost barren land. They collect the seeds, roots, 
tubers and bark of the hardy plants that ate the only easily available 
eatables to these famine-stricken people. This is. however, not a new 
method of fighting food famines, since the ancient Indian saints and 
sages derived their sustenance solely from the wild plants of the forests. 

The Famine Inquiry Commission in its final report of 1945 {p.24}. 
has emphasized the great need for the supply of the supplementary 
foods, that is foods other than the main cereals. Moreover, in the 
wake of the famine of 1950 even the late Prime Minister Pandit Nehru 
had rightly said, "It is not a time to embark upon the dietary reform 
and to wean people away from their usual and habitual herbal, and 
animal food stuff which do not affect their health adversely.” 

II— Famine Foods 

While preparing the Flora of the tvtsiern Rajasthan Desert, I 
had the opportunity to visit the interior of these desert areas and while 
enjoying the hospitality of these poor people, many a time. I have 
collected firsthand information from these people about the emergency 
foods they are accustomed to use during scarcities. Having myself eaten 
some of the preparations of these wild plants, I naturally became inter- 
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estcd in a detailed survey of the famine foods used in these desert 
districts. 

There arc many plants used as famine food in Rajasthan Desert. 
Some of them are of great importance from the standpoint of emergency 
foods; others are of minor value, being used only rarely when better 
famine foods arc also not available. Undoubtedly, there still are a large 
number of plants of emergency value that are not quite recognized 
today though future study or experience will bring them to light. 
Although it is very difEcuIt to prepare an exhaustive list of these edible 
food grains and other wild eatables used by natives in times of 
scarcities, in the following pages various emergency foods used by 
desert people arc listed along with their local names. 

1. Prosopis cineraria (Linn.) Macbridc ( = Profo/’tr Linn.), 

'Khtjri' ; Is undoubtedly an exceedingly generous blessing svhich nature 
has bestowed upon the Indian Desert. It is the most conspicuous plant 
since it is the only tree worth the name in most of the parts. It provides 
shelter and shade to the weary, sun'scorched traveller, and besides being 
eaten by the camel, goats and cattle, its leaves and shoots provide 
vegetables to the inhabitants. 

The young pods called “5engri” arc used as vegetable and are 
consumed as such even during the years of ‘plenty*. These arc collected, 
boiled, dried and preserved. A considerable quantity of such *Sangri' 
arc exported normally every year to the numerous parts of the country. 
The mature pods which contain a sweet pulp, on the other hand, are 
eaten as such. The bark of this tree has been eaten during the severe 
famines in 1899 and 1939. It is stripped ofT, dried and group with some 
other types of available coarse grain to make up the meagre meal 
contained in it and attain a more substantial value. Dr. G. King in 
1869 wrote about the food value and utility of the bark of this 
species. "“Ilie bark of 'Kkejra' (wrongly identified as Acacia lucapkloea ) — 
a tree common in Rajpootana. Bread is made from the ground bark 
with or without the addition of flour. It has an astringent bitter taste 
and 15 far from palatable. On the principle of e.xpcrimenlum in cor- 
porcvili, I made my sweeper fare on it for a day. The poor man 
sufTcred a good deal of griping and discomfort in consequence. I found 
this to be the ttsual experience for the first few days that either this or 
‘Malkee' ( Crpnus sps. ) are eaten but ultimately the stomach gets 
accustomed to the nauseous food** (PI. 2a). 
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meaning thereby that when Famine reclines, its feet are in Fungal, 
belly in Bikaner, head in Mcrta, it sometimes visits Jodhpur but has its 
permanent abode in Jaisalmer. 

Whatever be the causes of these famines, as a net result of these, 
the land is deprived of its plants cither by the famine-stricken 
people or their lialf-starving and ever-hungry horncd-hcads. Food has 
ever been man’s first quest since his very arrival. In the face of scarci- 
ties the hardiness and povver of resistance of the native people of the 
desert areas has increased, since it has been observed that every year if 
there is abundant graaing the crops arc poor; if the crops arc good, the 
water supply in the tanks runs out before the next monsoon, and, if 
both water and grain are plentiful the grazing is scarce for want of 
sustained drizzles during the month ot'Sewan' or the months of July 
August. The year when all those adverse conditions are in collusion, the 
purchasing power of the otherwise resourccless and chronically poor 
inhabitants, falls much too low and the only alternative left with them 
is to derive their sustenance from the scattered wild plants which thrive 
on the otherwise almost barren land. They collect the seeds, roots, 
tubers and bark of the hardy plants that are the only easily available 
eatables to these famincstricken people. This is, however, not a new 
method of fighting food famines, since the ancient Indian saints and 
sages derived their sustenance solely from the wild plants of the forests. 

The Famine Inquiry Commission in its final report of 1945 (p.24), 
has emphasized the great need for the supply of the supplementary 
foods, that is foods other than the main cereals. Moreover, in the 
wake of the famine of 1950 even the late Prime Minister Pandit Nehru 
a rightly said, “It is not a time to embark upon the dietary reform 
an to wean people away from their usual and habitual herbal, and 
animal food stuff which do not affect their health adversely.” 

II — Famine Foods 

ti H preparing the Flora of the western Rajasthan Desert, I 

t le opportunity to visit the interior of these desert areas and while 
joying the hospitality of these poor people, many a time, I have 
. information from these people about the emergency 

00 St eyare accustomed to use during scarcities. Having myself eaten 
some o t ^ preparations of these wild plants, I naturally became inter* 
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5. LasiuTUS kirjutus (Forsk.) Boiss. ( = Elyonurus hirsutus (Vahl) 
Munro, the 'Sevan' grass is one of the most valuable perennial fodder 
grasses of this region and often forms extensive pasture land. It is 
abundant in Jaisalmer, Phalodi and Bikaner districts. The seeds arc 
collected, ground and mixed with ‘Bajra' flour, and baked into 'Sogra' 
(PI. 2 e). 

6.. Daciyloetenium sindicum Boiss.. the ‘Taalia ghas’ which cover 
much of the harder ground in this region and is a good fodder for the 
cattle, has also been used as food by natives in times of scarcity. 
However, the grain which is consumed, has been reported to cause 
internal disorders (PI. 2f). 

7, CitTuUus eoloeyntkis (Linn.) Schrad. { = Colaeynlhis vulgaris 
Schrad.), the ‘Toes' or 'Tumba' or ‘To^tumba', a scabrou strailing perennial 
cucurbit, found on the sand-dunes and open plains throughout this 
region, is most abundant in Barmer and Jaisalmer districts. It forms large 
patches on loose sand. Its long branches radiate in all directions from the 
central rootstock. The seeds which have been chemically examined by 
Power and Moore (1910) arc gathered, washed with salt water many times 
to remove the bitter principles (mostly contained in the attached pulp) 
or arc buried with common salt in small dugonuis in the sand, kept 
covered there for few weeks, washed, dried, ground and used. *Sogra'or a 
rather hard-baked bread is made cither solely of flour or mixed 
with 'Bajra' flour. 'Kankara', a delicious dish, mentioned earlier is 
prepared by mixing 'Toos' seeds with 'Bkurat' Atta, Tlic entire seeds of 
'Toos' arc mixed with the 'atta' of 'Moth' {Pkaseolus atonitifolius JacQ.) 
and arc prepared into thick '(happaties' (PL 2g). 
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The gum obtained from the young plants of 'Kkijra' known as 
'Bantaka' is eaten by many classes of people during months of Mayjunc, 
when it is available in plenty. The large plants, however, do not yield 
much gum. 

2. Ctnchrus biforus Roxb. (= C. ealharlicus Del.), ‘Bhurat' is the 
queen of the cookery herbs of Jaisalmcr. It has been in use there as a 
subsidiary food since times immemorial. Brought out by only a few early 
showers, it is one of the most abundant grasses of this region, found 
throughout the desert, and is collected in normal as svell as deficit years. 
In times of famines and scarcity it is often plentiful when other plants 
cannot come up. The seeds of this grass, which are about the size of a 
pin s head, remain enclosed in a prickly husk (which causes a great deal 
of discomfort to both man and the animal since it sticks to the clothes of 
the former and the wool of the latter), are removed from the burs, though 
with great difiiculty, are ground and baked into a thick, unlevencd bread. 
It is regarded as the most nutritious of the famine foods. Even in nor- 
mal years its fried 'Atta' mixed with *ghee' and sugar is given to children 
for the improvement of their health. The seeds are regarded to have 
a high fat and protein contents and therefore it is believed that If taken 
continuously for a few months it results in the increase of weight and is 
pod for muscle building. Even as a cereal too, people value it next to 
Bajra . ‘Khaukara' ~~ a delicious dish is prepared by mixing Bhurat- 
Atta "''th the seeds of ‘Tew’ — another famine food referred to 
e sew ere. To many classes of natives it is a sacred food, the use of 
w ich is permissible even on days of religious observance, prescribed by 
rituals plowed m this region, when the consumption of all other 
cereals is strictly forbidden (PI. 2 b). 

3. Cmkrus setigirus Vahl, 'Dhaman'. Less common than the 
ast species during times of scarcities, is specially favoured wholesome 
y cattel. The seeds of this species have also been reported to be 

ground and used as food by people (PI. 2 c). 

4. Calligonum poljigonoides Linn., the ‘PAo^’, which is one of the 
most common bushes on bare sand-dunes, where it often forms pure 

lapns, is another local plant used as famine food. Its buds called 
Lassan' are used by the poor with the butter-milk called •Chach' and 
sa t, in the months of February and March, when little else b 
available (Pl. 2d). 
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15. Tribulus tfrrrslris Linn., 'Kanti', is a prostrate branched 
annual herb, the small spiny fruit of which is said to have constituted 
the chief food of the people during the Madras Famine, Lisboa, 188C; 
Walt, 1890). The hard seeds arc gathered, stored and reduced to powder 
and eaten after bating into a bread or the powder is mixed with the 
flour of Bajra. Since the plant comes up even after a few showers, the 
seeds are collected, stored and used, if so required, in the times of 
scarcity. Since they are hard and indigestible, they are not given 
preference if other digestible foods are available. 

16. Indigofera cordifolia Heyne., 'Bakereja', is a much common 
plant of the waste places and fields. Its minute seeds which arc some- 
what unpleasent to taste, arc made into cakes cither alone or with some 
cheap cereals (PI. 2k). 

17. hdigoJtTalinifoliaKtii., *Sidio baktftja' or ‘Bhur-Bhura', as it 
is called by the natives, is rich in nitrogen contents and like the previous 
species, the seeds of it are consumed after grounding and being them 
into bread. 

18. Temarindut indiea Linn., 'Imlt*, handsome evergreen tree 
believed to be a native of Abyssinia and Ceotr.il Africa, whence it came 
to India, is often planted at village ’Chehata' (central places of the 
village) and wells. The seeds which consist of a dark reddish brown 
outer husk or testa ,ind an inner cream-coloured kernel, eaten even in 
the ordinary times, arc reduced to powder, .ind baked into breads. 
They are also roasted and eaten by the poor classes instead of betel nut 
and arc much liked by village women. The pulp of the fruits is used as 
a routine food during ordinary times and the fruit is sold in the market. 

19. Acacia nilolica subsp. indiea (Bcnth). Brenan (* A. craiica), 
‘Banralia', though not used S'cry often, the seeds known as hilario arc 
eaten roasted, or rasv, in very* acute tiroes of5c.irciiy. In the famine of 
1904 even those seeds of this species which had been voided by goats 
that ha\c eaten the pods of it, arc reported to have been gathered, roasted 
and eaten. However they might have been cooked, ifjesc seeds have 
been found to be deliicrious to health in the long run. The gum. which 
is highly nutritious, is used as a chewing artirle. The ground bark, 
mixed svith the seeds of Sese’~.a'7i trimlsU, has l>een used as food as 
reported by Watts, 

20. Cef/'-TH drnVja (ForiDEdgew. ( -C. c/l.s.Va Roth), ‘Kcf’. a 
straggling, tliorny, Icaflcjs shrub, or a small tree, found throughout the 
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Elphistone “In the midst of so arid a country, the water-melon, the 
most juicy of the fruits, is found in profusion. It is really a subject of 
wonder to see melon of 3-4* in circumference growing in the dry sand 
of the desert. The natives assert that the large melon suffices to allay 
the thirst of a camel and a rider”. The pulp of the water-melon is 
largely consumed, being eaten fresh, the seeds arc dried and pounded 
into a flour and mixed with the flour of Bajra, cakes called 'Sogra' arc 
prepared from it. These small flat seeds when dried are said to taste 
like almonds. In normal years the fruits are available in such a plenty 
that much of these arc thrown to the cattle (PI. 2 i). 

10. Acacia jacquemontii Bcntli., 'Boo banwali', yields a small 
quantity of gum, although of inferior quality, which is used in the times 
of scarcity to pass some days when no other edibles arc available, 

11. Acacia Itucophloia Wllld., 'Arunja', has been mentioned by 
King in Western Rajputana to have been used as famine food. The 
grey bark is ground and mixed with flour of Bajra in times of scarcity 
and eaten. The young pods and seeds, according to Brandis (1874), 
are used as vegetable. Tlie plant is, however, not so plentiful in the 
area to be utilized to a great extent. 

12. ^igjpkus nummularia \Vt. & Arn., 'Borti', a thorny, tomentose 
bush, very common in dry open plains, flourishes well even in the year* 
of scanty rainfall. The fruits which arc globose, scarlet-red when fully 
ripe and less than 1 cm in diameter arc gathered in the beginning of 
winter months, dried, ground and sieved. The powder so formed is 
eaten either alone or mixed with ’CHr’, sugar condiments or the flour of 
bajra. The stone of the fruit being very hard, is indigestible (PI- 2j)-^ 

13. ^tzypkus mauTitiam Lamk. (= jujuba Lamk.), 'Bar-Bof , 
like the last species the sweet and somewhat acidic fruits of this species 
are also collected, dried and powdered or eaten as such. The fruits are 
somewhat larger being about 1.5 cm in diameter. 

^ ^14. SoTgkumkalepense {Linn.) Ven. [- Andropogen halephtnsisBioi-), 

‘Baru\ is one of the best grasses which can withstand long drought and 
IS, therefore, a good famine plant. Its power to withstand considerable 
salt in the soil also renders it available during times of scarcity- This 
s^peaes is usually given to cattle, although it has been reported that 
oring the failure of monsoon when this plant matures, it b oftei^ 
attacked by a small black insect known as 'Valo', if the cattle cat the 
Valo affected plants, the cattle die immediately. 
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bread, A. little flour is sometimes mixed with it. The accompanying 
specimen of bread, I got from a man who, with his family, was making 
a dinner of it”. 

Ill — Emergency Food frosi Animal Resources 

Apart from the subsidiary foods obtained from local plants, in 
emergency the animal food is also appreciable. It has been estimated 
that more than 80% of the inhabitants of the desert district of Jaisalmer 
arc Mohamedans, Rajputs, Megluvals, Bhambis and Bhils who are 
nonvegetarians. They all relish animal food. In addition to ‘.JA/iar’ or 
shooting, lot of sheep and goats, particularly in the wake of famine, 
supply large quantity of meat. But of all the subsidiary foods of the 
animals origin, the desert locust (Schistocerca grtgatia Forsk.}, which serves 
as the most delicious food, is relished both in fresh and preserved state. 
These are collected, whenever available, in large quantities and for the 
'Miurslfftanr*, living near the Pakistan border of Sindh and most of the 
^Mtghwals' and it forms as important a food stuff as probably 

the fish in Bengal. They are chiefly stored and used during scarcity. 
It has been reported that the locust stored during 1950 in Jaisalmer 
alone was 100 mds*-a quantity sufficient for a month's supply in 
that region (Anonymous, 1950). 

Of the ’Shikar* animals 'Tilton^ bird, which is found in abundance 
during winter season, is relished the most. Its flesh is fatty and very 
delicious. 

Not only during famines, but even in normal times, there are 
thousands of people who live for months on camel-milk which does no 
harm to them and keeps them in extraordinary good health. The milk 
though poor in fats is rich in nitrogenous substances. It has a tallowy 
odour and Is said to act as laxative to those unaccustomed to it. 

Despite the fact that 'famine foods’ arc deficient in many 
dietary essentials, apart from proteins and calories, the fact remains that 
since no other plants or other foods arc available in the interior of the 
desert due to many factors, people have to live on whatever they get 
from the natural resources around them. Therefore, when such chronic 
famines cast their shadows, the first step is to start the famine relief 
operations, as Is rightly being done by the Government, and the second 
step is to supplement these natural diets, as a routine measure, by 
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region; bears red or pink berries. The unripe fruits are also pickled or 
used as vegetables and the flower-buds arc cooked as potherb, and the 
honey from it is eaten by village boys. 

21. Salvadara eltaiiei Dccne., *JaV, an evergreen shrub or a small 
tree; this species is found throughout the arid tracts particularly where 
the soil is slightly saline. The sweet edible fruits are very much liked 
even in normal times, but they arc believed to produce tingling and 
small ulcers in the mouth if taken one by one; for this reason they arc 
taken in handfuls. They are also dried and used when more palatable 
food is not available (PI. 2 1). 

22. Aikyrantkes aspna Linn., *Andki-jaro’, an annual herb of 
the waysides and waste places; h.^s been reported to be used during 
famines. In normal times, however, when the plants are available 
in plenty the seeds boiled in milk or ’thack' or whey, have been regarded 
as a good tonic, if they are taken for about a month during the winter. 

23. Eltusmt eoracana (Linn.) Gaeitn., 'meduo', is a rather 
staple food of lower and poorer classes of people; sown the earliest 
in its season, heavy crops of it are produced with little or no effort 
particularly when there is water scarcity. It is said to be very 
nutritious and 'Rabrt' prepared by boiling down its flour in diluted 
buttermilk (Cha:h), is generally cooked in the evening and kept for 
use the next morning. The coarse pounded flour, boiled thick in water 
is also consumed as ‘Chat' or ‘Dalia'. 

Stsamum indicum Linn., 'Til'. The refuse of the seeds of this 
species has also been reported to be used as a substitute food. In this 
connection King (1869) mentions “The refuse of the seeds of i'. orienlaU 
(^S.indtcum) remaining after the oil has been expressed, is not made 
mto a bread, but is boiled with water and made into a soup. The 
specimen exhibited was brought from a 'Baniah' in Jodhpur Bazar, who 
was selling it to an eager crowd, at the rate of seven seers for a com* 
P ny s rupee. In Marwar this substance is largely stored by Baniahi 
gainst seasons of scarcities. It keeps for many years without further 
deterioration then a darkening of colour’*. 

r Cypt, us rotundas Linn. 'Moihe^ (mentioned by King (1869) as the 

° s o Hymenochatt gressa) are ihe tubers of this and other species of 
ca ^'■‘■^'^ding to King, “In the times of scarcity the roots are 

leT food. The fibre and the dark cuticle being 

• the solid part of the root is dried, ground and made into 
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known as ‘Johnson-grass’ in New South Wales, has been reported to be 
poisonous to stock particularly tvhen young or stunted since it is strongly 
cynogenetic (Hurst, 1942). Another plant Tribulus teTTestns Linn., known 
locally as 'KantV and used as famine food not only in Rajasthan but has 
been used even in the Madras Famine, has been shown to cause ‘big- 
head’ or 'gieldikop' in sheep. The nitrate, detected in variable quantities 
in the plant, was converted into nitrite by the reducing enzymes winch 
rapidly change the haemoglobin of the RBC to methcmoglobin, resulting 
in the asphyxia of the affected animals (Webb, 1948). In New South 
Wales this plant has been reported to cause mortalities in hungry sheep 
and cattle with symptoms of HCN poisooing(Hurst, 1942). CUrullus eolo- 
cjnlhis the 'Teas' still another of the much used famine food, the dried 
pulp of which is official in the British pharmacopoeia codex, is a power- 
ful hydragoguc cathartic. Indigenous methods have, however, developed 
to remove the bitter or poisonous principles, since some of the pulp which 
contains these elements remains attached to the seeds. Yet another of 
the famine foods, CUrullus lanatus, the 'Matira', has a wild from 
which is very bitter and probably poisonous (^Vebb, 1948). These are 
some of the many examples of plants which are known and found 
to contain toxic elements. Since there might be many more which 
might prove deleterious but reports about them have not come, it 
is imperative that all these plants should be analysed in detail to this 
effect. It is also believed that most of these plants contain less of salts 
and if eaten without being seasoned with a proper quantity of salt, may 
lead to the deterioration of the nutritive fluids of the human body, 
resulting ultimately in the production of various ailmentary troubles and 
other diseases. Remarkable developments have been made in the 
nutritional science these days and it is now well known that a diet which 
may be sufficient in quantity might be unsatisfactory in quality. ^Ve 
must therefore guard against the effects of malnutrition while avoiding 
undemutrition. More care is required when both malnutrition and 
undernutrition co-cxisl as is the case at present. 

Besides the plants which are already being used, there arc certain 
potential species wild in this region, but which have not been utilized 
as food here although they have been profitably used elsewhere; and as 
such we might also make use of them, of course, after proper analysis. 
Balanitis aegyptiaea a member of Simaroubaceae, known as 'Hingotia' in 
Rajasthan and ‘Desert-date’ elsewhere, occurs in dry regions of west 
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synthetic vitamins and vitamin concentrates in the form of tablets, 
capsules and pills. Mineral tablets may also be distributed free which 
will supply many essential minerals in assimilable form. 

Famine-foods are certainly less nutritive and might even contain 
some of the undesirable elements and therefore they must first be 
rendered normal for human consumption. The various methods already 
in use differ in details for various plants, and even for the same species 
at different places. As a general rule, however, the seeds of most of 
these plants arc ground and made into cakes either entirely of their own 
fiour or they are mixed with the flour of Bajra, which is the staple food 
in this region and regarded as an Inferior grain. Most of these are not 
easy to be digested. It is a common complaint that people who lived on 
these famine foods become lean and weak and suffered from the alimentary 
disorders. Since these foods have less nutritive value. large amount of 
them has to be consumed to satisfy the hunger, but all of which cannot 
be digested and assimilated. Moreover, most of these famine foods 
contain more of woody tissues, gummy and resinous substances and 
various extractive matters which are neither digestible nor nourishing* 
They might temporarily satisfy the hunger but their exclusive use for a 
prolonged period brings about decay and renders the constitution an 
easy victim to many ills. It has been reported (Anonymous. 1909) that 
wmc of these herbs which were used during the famine in 1897 and 190-I 
in Jaisalmer have been chemically analysed as early as 190+ and their 

moisture, protied, fats, oil, fibre and carbohydrate contents ascertained 
and their digestibility and caloric values have been obtained but the 
details thereof are, however, not known. It is. therefore, urged that all 
t^he wild grains and vegetable produce and barks which are consumed as 
famine foods be scientifically examined by qualified nutrition officers 
with reference to their chemical composition and calorie value since 
many a time the most closely rcl.tted plants, say. the species of the same 
genus might have entirely opposite nutritive value. One species may b® 
most delicious and might have nutritive value while the other may be 
poisonous and harmful. However, it is believed that if the seedling and 
t e tender shoots of these plants and even the seeds of species having 
ittcr taste, are properly boiled, they may be consumed with impunity* 
ome of the species which have been used as emergency foods hav® 
een reported to be poisonous elsewhere although no such cases have been 
reported in Rajasthan Desert. For example Sorghum heUpinse. the 'Baru\ 
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as has been done by (he Cilrullus lanatus, Tamarindus indica and many 
others. 

There is nothing intrinsically impracticable in ray suggestion, but 
if well meaning critics sneer at these proposals treating them as utterly 
unpracticable and utopian, it may be suggested that the practical benefit 
to utilize, analvse and develop ifaese famine foods, which have been 
utilized by the natives as a result of their experience extending over 
hundreds of years will be very helpful as an immediate step in a state 
of acute crisis when the news of deaths by starvation often appears and 
when hunger and despair arc writ Jai^e on the faces of the famine hit 
people; and when these men, women, and children are driven, out of 
sheer despair, to wander the streets of cities in search of food and jobs. 
It is the duty of every citizen to put his might to arrest the pangs of 
hunger, for, as it is, the life of mao is far more precious and important 
than anything else. 

The conclusion is simple — the potential is here; we need but to 
study it and develop it further. 

IV— Summary 

A survey has been made of all such emergency or famine foods as 
arc used by natives, particularly by the poorer people of the Indian 
desert. It has been found that 23 plant species are utilised as famine 
foods and, depending upon the local availability, different species are 
used in different places. Some of the more common species are Prosopts 
cineraria, Cenehrus biforus, Calligonum pol^gonoides, Capparis decidua, Ziz^phus 
numularia, Dactyloctenium findicum, Tribulus ferrestris, Lasiurus sindicus, 
Cilrullus colocjnthis and Cilrullus lanatus. The chemical composition and 
nutritional value of these emergency foods need to be determined in 
detail since some of the plants used. e.g. Tribulus terrestris and Cilrullus 
coljc^Tithis, are reported to be poisonous. The non-poisonous foods found 
to be deficient in vitamins or minerals could then be supplemented with 
synthetic preparations to correct the deficiencies. 
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Africa where innundations occasionally moisten the ground. It is a 
valuable food and the fruits are sometimes used in making a kind of 
bread, or they are eaten in soup as by Shwa Arabs (Irvine. 1948). In addi- 
tion they provide an edible oil (over 40% of the seed). A pleasant drink 
known as ‘Kango’ in 'Mausa* is also prepared from its pulp. Similary an 
attractive beverage is prep.ared from the macerated fruits of the Jujube 
trees {^Ujp/ius mauratiana). CUrullus lanatus, already referred to above, 
has been used in W. Africa either raw or cooked in soup in various 
ways. Its seeds known as ‘ejjui* are dried in the sun, the husks are 
removed and the kernels are then roasted and put into soup 
or used as an ingredient in a sauce. They arc of good food 
value (roughly 45% fat and 34% protein), and the oil in them is 
suitable for cooking. Sometimes the kernels arc fermented by the 
3 OTubas of Nigeria to form a food or flav'oring called ‘egiri’. Another 
food is made from the roasted or pounded seeds which are wrapped in 
a leaf and boiled. Sometimes the seeds arc fried with oil and red 
pepper added. Coitus djsenlrttus — the 'sudan potato', regarded as the 
most suitable substitute for potato in hot climates, is widely grown in 
rier parts of Tropical Africa. Dioseorea proehinsis, the bush or forest 
yam, the tubers of which are occasionally used as famine foods in west 
Ariea, is best known as the parent of the cultivated white yam. 
Dioseorea presusiti. while used mainly as famine food, the wild tubers arc 
still used by hunters, but only after being tboroughly soaked and the 
quid discarded to remove the poison contained in it. Acanthosicji'^^ 
rida Welw. & Hook., which survives on dry sand-dunes and emerges 
e boldly every time it is coveied with sand, has edible fruits, of 
sc when npe, ihc seeds also contain a considerable amount of fats 
regarded as an excellent substitute for almonds. Species of 
^ inoc^sUs which occurs wild in Arizona, have, tuberous roots, as large 
^ man s head. It is freely eaten by native Indians. Cucumis humifructus 
• • another interesting cucurbit which is geocarpic since the fruits 
remain buried in the deep fine sand, can also be a beneficial introduc- 
numerous other desert plants which can be introduced 
ecol region. No doubt a thorough understanding of their 

det 'l^b' and drought resistant capacity should be studied in 

efore they are introduced on a large scale in this region. Such 
P ts if introduced in large numbers, will in times to come naturaliez 
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Plate 2 

a. Seeds of Ptutpif einerarie 

b. Burs of CrerAriit ktfinai 
e. Burs of Ctitekrui utiimi 

d. Fruits of CtUit»»an 

e. Burs of Lauana hu$uiaf 

f. Seed grains of Baeljtlttlmiam mdieun 
g Seeds of Cilntloi 

b. Seed grains of Datl^htUaiam atg^ptium 
i Seeds of Curalfvs lanatat 
j Dry fruits of Z'^kaiBummalatia 

k. Seeds of hdigafira tatdt/aUa 

l. Fruits of Saleadata «Ir*tdrs 
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ANIMAL RESOURCES OF RAJASTHAN 

By 

SuRENDRA Deo Misra 

Professor and Head of ^oology Department, University of Jodhpur 

I am very thankful to you for the privilege given to me to 
preside over the Section B of the Symposium on Natural Resources of 
Rajasthan which gives me an opportunity to scan the field of biology 
through the learned papers contributed in this section. 

The environmental biologist must recognize and understand the 
underlying harsh realities and stresses, such as the lack of water, the 
high temperatures and intensity of solar radiation, the wind velocities 
and dust storms, to which plants and animals of this hot Saharo-Rajas* 
than desert are subjected to and to which they have adjusted in various 
ways. Without understanding the basic laws of the ecosystem, the solu- 
tions of arid zone problems will be short-lived. 

The desert animals and plants have solved the problems of water 
scarcity and high temperatures in a number of ways. The reptiles, 
although seek shelter in the burrows during the day, face the problem 
of aridity by having developed an impervious integument and solid dry 
excretion in the form of uric acid. Beetles, which have the ability to 
increase production of metabolic water from carbohydrates, under arid 
conditions, use another device. Among the animals, the rodents have 
solved the problem of aridity and temperatures by escaping from both 
and remaining inside the burrows made by themselves, during the day 
where the relative humidity is 30 to 50 per cent compared to 0 to 15 
per cent outside. In this way they sweat less, not using water for temper- 
ature regulation, but conserving it by excreting very concentrated urine. 
For temperature regulation, the sheep and the camel have solved their 
water, budget problem differently from others. The camel can drink 
incredible quantities of water at a time, as much as 30% of its own 
weight, but economises its use drastically for thermal regulation. He 
would allow its body temperature to rise within range of 6°C without 



FAUNAL COMPOSITION OF RAJASTHAN' 


By 

P.D. Gupta 

Desert Regional Station, Survey of India, fodhpur 

^ I — Iktrodoctiox 

The fauna of Rajasthan is poorly known, mainly due to two 
reasons. First, because formerly it comprised of many princely States, 
some large and mostly small, Avhichhad little interest in the faunistic 
wealth of the area except either for game or for religious sentiments 
prevailing among a section of the people. Secondly, the extreme arid 
climate and the vast desert areas hampered the progress of faunistic 
surveys. As a result, we hardly find any reference to the fauna of 
Rajasthan in the literature up lilt the middle of the last century. 

jerdon (1862) appears to be the first to give some information about 
birds. Subsequently we find increasing but sporadic references to the 
fauna of Rajasthan. Though more than a century has elapsed, a review 
of the literature reveals conspicuous lacunae in our knowledge of some 
of the invertebrate groups which remain almost untouched even today. 
Therefore, Dr. M.L. Roonwal. during his directorship of the Zoological 
Survey of India, organised a systematic survey of the fauna of Rajasthan 
which was conducted by many experts of that department since 1956. 
The results of the survey are being published in a series of papers under 
the title ‘Fauna of Rajasthan’ in the Records of the Zoological Survey 
of India (Roonwal, 1969; and others). 

A brief account of the fauna of Rajasthan is presented here. 

11— Reviesv of the Fau.va 
/. protozoa 

Bhatia (1936) reported a few Ciliophora and has recorded (1938) 
Sporozoa known till then from the area. Mitra (1960) studied the 

1) P„bli.hrfwithtMpr™i..ira oftheDirmr. Zootosie.l S.,.,, of Mh. thtolU. 
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psofusely sweating to bring it down. The excess of heat stored during 
the day is dissipated at night. The raised body temperature reduces 
heat flow from the environment to the body. The fur on the body 
tends to minimise the heat gain and the sweating is so scanty that it 
wets the skin rather than the fur. Concentrated urine is another saving 
on the precious water. Is it not amazing that camel can tolerate 27% 
loss of its body weight -twice the dehydration that would bring other 
mammals into lethal explosive heat rise. The birds, though, like 
reptiles, also excrete solid urine but they need occasionally to drink for 
thermal regulation. Man, although very poorly adapted to desert 
conditions, does make up a lot for this handicap in the desert regions. 
Some of these interesting desert adaptations have been dealt in papers on 
animal physiology and have attracted world vide attention. 

The animal resources of Rajasthan will have to be seen as a seg- 
ment of the larger understanding of the actual working of the desert 
ecosystem, which includes a lot of descriptive work summarized in the 
UNESCO reports on arid zone research from 1955 onwards. The 
understanding of the resources will be incomplete without also under- 
standing and undertaking highly analytical work, such as, evaluating 
the rates of production and consumption, the turnover rates of various 
populations of plants and animts, the action limiting factors, etc. This 
is relatively a newer, physio-ecological approach to which we have to 
direct our attention, besides flliing many gaps here and there in ouf 
knowledge of the fauntstic composition of Rajasthan to which one of 
the papers will draw your attention. 

We have received 26 papers for this section under five headings. 
The largest number was contributed on animals harmful to man, with 
special reference to grasshoppers, locusts, termites and nematodes as 
parasites on plants. Following this, an ample number has been submi- 
tted on wild life and animal behaviour. 

I hope these papers and discussions on them will form a basis for, 
not only properly evaluating the animal resources of Rajasthan, but 
also giving guide lines for reorientating biological research quickening the 
pace of development of the state. 
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namatodes. Recently Johnson <1965-68) has contributed towards our 
knowledge of the namatodc parasites of animals. Khera (1965-67) 
studied free living nematodes; Tikyani and Khera (1968 a, b), Tikyani 
it al. (in press) and Kumar and Khera (in press), have studied the 
nematode parasites of plants of Rajasthan. 

Acanlhoctphala \ Information about this group of worms from 
Rajasthan is not av.iilable in literature. 

Rotifera : This group appears to be untouched. 

7. Annelida 

Ckaetopoda : A few species of earthworms have been reported by 
Stephenson (1923). 

Hirudinea : Harding and Moore (1927) have described leeches of 
Rajasthan. 

8. Atlhropoda 

Crustacea : Adams (1899) mentioned a few species known from 
■western Rajasthan. Lindberg (1942) studied Crustacea of Jodhpur. 
Brehn (1950) studied some of the fresh water forms. Mathurand Sidhu 
(1957) reported the occurence of the genus Apus (Notostraca) from 
Filani. Sidhu (1959) has also provided a list of Crustacea found 
near Pilani. Tiivari (1952) described two new species from southeren 
Rajasthan. Ramakrishna (1951) reported Paralelphusa (Barjttlpkusa) 
jaequmontii Rathbum. Tiwari (1959, 1962) described a few more aqua- 
tic forms and reported (1962> a few fossil shrimps from Kapurdi area. 
Baid (1958) reported i4rt«nia sa/inj from Sambhar Lake and Lin (1964) 
made a preliminary study of crustacean fauna of Sambhariake. Biswas 
(in press) has studied Cladoccra of Rajasthan. Glaessnerand Rao (1960) 
described a new species of a fossil crab from Kapurdi in Barmer district. 

Aracknida : Pocock (1895) described Caleodes agoles from Bikaner. 
Shan'fF (1928) studied Ixodiade from C7.P., Gujaratand Rajasthan. 
Tilak (1964) reported a six legged spider, Crossopriza ijoni from Pilani. 
Tikadar (1966) described three new species and reported ten other 
species found in this area. 

Inseeta 

General : Adams (1899) mentioned a few insects of medical impor- 
tance from western Rajasthan. Beeson (1941) gave an account of Forest 
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incidence of opalinids in Varanus monitor Linn, from Bikaner as also in 
lizards from other areas. Mahajan (m press) studied free living 
Sarcodina, Flagellata and Ciliata. Among fossils, Foriminifera have 
been studied by many geologists, particularly by Subbotina et al. (1960) 
and Singh (1951-57). 

2. Porifera 

Annandale (1911) has included the information about the'Porifera 
known from Rajasthan. A few unidentiBed, one identified, fossil forms 
are reported by Subbotina et al. (1960), 

3. Coelenterala 

No living forms are known. A few unidentified fossil forms have 
been reported by Lubimova et al. {I960) and Oldham (1886). 

4. Brjozoa 

Living forms are not known but Polypora ampla and other unidenti- 
fied fossil forms have been reported by (Shah, 1963) and Subbotina 
al, (1960) respectively. 


5. Platyhelminthes 

Turbellaria : No work appears to have been done on this group m 
Rajasthan. 

Tremjtoi/a : Gupta (in press) has contributed towards the trema- 
tode parasites of western Rajasthan. 

Cistoda : Adams (1899) included a few cestodes in the list of 
helminths found in western Rajasthan. Southwell (1930) has included 
some species found in Rajasthan. Recently Rathore (1955) has 
studied cestodes of sheep m Rajasthan, and Mukherji (in press) has 
studied these parasites from western Rajasthan. 

6, Hemalhelminthts 

Xematoda : Adams (1899) has included a species known from 
Marwar. Rathore et al. (1955) have studied parasites from sheep. 
Baylis ( 1936, 1939 ) has mentioned many species from this area, 
Prakash and Sharma (1955) reported the mortality of hedgehogs due to 
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Bingham (1905, 1907) dealt with butterflies found in India. 
Kushwaha (1960) described lepidopieran fauna of Udaipur. 
Maepherson (1927) described butterflies collected at Jodhpur and 
Mt. Abu. Mathur and Chempakavalli (1961) studied the butterflies of 
Bilani. Meyrick (1911) described Myrmtcozela mtUophora, a microlepi- 
doptera from Ajmer. Srivastava (1958) reported a new cutworm pest 
of potato in Rajasthan. Talbot (1939, 1947) included in Fauna of 
British India scries the butterflies from this area. Kushwaha tl al. 
(1964) recorded Chlumelia transcetsa Walker (Noctuidae), a pest of 
mango at Udaipur. 

Coleopttra : Achary (1938) studied the distribution of SternoetTa 
nitidicoUis (Fam. Buprestidae) in Rajasthan (Mt. Abu) and Gujarat. The 
works of Andrewes (1929, 1935) on the family Carabidae, Arrow (1910- 
50) on Lamellicornia, Clavlcomia groups of beetles, included the 
material from Rajasthan. Fowler (1912) on Cicindelidae and Pausiidae, 
Gahan (1906) on Cerambycidae, Jacoby (1908) on Chrysomelidae, 
include the material from Rajasthan also. 

Kushwaha and Sharma (1961) studied beetle predators of Udaipur. 
Srivastava (1961) reported the Lucerne Weevil Mppera pariabilis (Hbst.) 
from south-eastern Rajasthan. Vazirani (1958) reported a few species 
belonging to Grynidae. Recently Vazirani (in press) has contributed 
towards the beetle fauna of this state. Gardner (1946) studied larva of 
Traxproeerus Hat. (Family Scarabaeidae) from Bharatpur. Kapur and 
Bhaumik (1966) have recorded four speices of Ladybird beetles, one of 
which is a new record from Indian region. 

Hymenopiera : The catalogue of wasps and bees described from 
Indian region since 1897, prepared by Aiyar (1916-1917), included 
the material from this state. Works of Bingham (1897, 1903), Morley 
(1913) include the material known till then from Rajasthan. Nurse 
(1903. 1904, 1909) described a few species belonging to the genera 
Taekjftis, Pseu, Gorytes, etc. from Mt. Abu. Wroughton (1892) contributed 
a good deal of information about ants from Mt. Abu. Turner (1912a,b) 
reported many species of Cerctris. and described a new species Cereeris 
pTolta from Deesa in Gujarat and Abu in Rajasthan. 

Dipura : Works of Barraud (1934) on Megarhinini and Culicini; 
of Brunetti (1912, 1920, 1923) on Nemafodera, Brychycera dnd Pipun- 
culidae. Syrphidae, etc.; of Christophers (1933) on Anophelini; and of 
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Insects. Cotes (1893) described locusts and other Acrididae v.ith notes 
on their bionoimics. A comprehensive survey of insect fauna of Pilani 
has been reported by Baid (1959) and Mathur ei aL (1956). Kundu 
et al. (1961) reported the results of their survey of insect population 
collected with light trap at Pilani. Pnithi and Bhatia (1952) pointed to 
the peculiarities of the insect fauna of Rajasthan desert and the share 
of insects in its maintenance. Roonwal (1954, 1956) reviewed the 
progress of entomology in India, including Rajasthan, during the period 
1938-50. Srivastava (1959) studied insect pests of maize. 

Orthoplera: Dirsh (1951) reported a new injurious grasshopper 
from Ajmer. Kirby (1914) included, in the Fauna of British India, the 
material from Rajasthan. Roonwal (1961) published a bibliography 
for faunistic as well as other aspects of the family Acrididae througout 
the world. 

Dimaptera : Burr (1910) included the material from Rajasthan in 
the Fauna of British India Scries. 

IsopitTtt : Kushwaha (1960a, b) reported the results of his termite 
survey around Udaipur. Roonwal and Bose (1960-69) have given a 
good account of termite fauna. 

: Fraser (1921*1936) dealt with material from Rajasthan 
along with that from other parts of India. 

ThysanopUra : Ananthakrishnan (1954) included the material from 
Udaipur. Beeson’s work (1941) is also useful. Singh (1950) studied the 
material from Ajmer. Bhatti (1962) described HyalopUrothrips roonwalt 
from Jodhpur. 

: Distant (1902-1918) forms a good series on the know- 
ledge of the group in Rajasthan. Joseph (1961) studied Sardia rosirata 
Melichor from Ajmer and Mt. Abu. Kumar (1959) reported a Ureniius 
species from Pilani. Behura (1963) summarised the knowledge of Indian 
aphids including those from Rajasthan. Srivastava and Vaish (1964) 
reported Hemaspidoproctus einereus Green, a coccid pest of guava, from 
Ajmer, Jaipur and Bharatpur areas. 

Ltpidoplera : Hampson (1898) appears to be the first worker on 
moths of Rajasthan and reported Euphyra rufaria from Ajmer as also 
(1910) Chasmina judicata Walk. Bart, (1905, 1906, 1908 and 1912) gave 
an account of moths from India. Bell (1909-1925) dealt in detail with 
the butterflies from India. His work includes the material from Rajas- 
than. Bell and Scott (1937) gave an account of moths from India. 
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of Pilani. Wall (1908, 1920) has treatised common Indian snakes 
including those from Rajasthan and while reviewing (1922) the genus 
Ampljcephalus reported A. monlitola (Cantar) from near Jaipur. Wall 
(1923-25) gave a list of snakes of Indian Empire including Rajasthan. 

Atts : Adam (1873-74) studied birds from Sambhar lake and its 
vicinity. AH (1953, 1958) reported some of his observations on birds 
at Bharatpur. Butler (1875-76) gave an account af avifauna of Mt. 
Abu and northern Gujarat. Hume (1878), while describing the birds 
of draught, dealt with the birds of Jodhpur area. Jerdon (1862-1864), 
in his book on birds of India, included those which were known from 
here. Barnes (1886-91) gave an account of birds nesting in western 
India including Rajputana. Meinertzhagen (1900) reported the 
occurrence of the Great Blach-backed Gull Larus marinusm Rajputana. 
Newnham (1900) recorded the occurrence of a few uncommon birds 
in Rajputana. 

Baker (1900) gave an account of ducks and their allies from India 
including Rajasthan. He reported (1908) some important additions 
from Mt. Abu, and subsequently (1912) the occurrence of EupodiUs 
tiwardii from Rajputana. 

Donald (1918), while giving an account of birds of prey of Punjab, 
included some of those found also in Rajasthan. 

Home (1926) reported the occurrence of Anas hraehjifhjinehus and 
Anas boscas in Jaipur. Stables (1923) reported Anas platjrhyneha from 
Rajasthan. Prater (1926) reported the occurrence of Pallas’ sandgrouse, 
Syrrhapies paradoxurus from Bikaner for the first time within Indian limits. 
Trench (1927) observed the breeding of spotbill duck. Anas poeeiloThyncha 
and later (1930) of great sonc-plovcr (Oedicnemus recumirostris) at 
Udaipur. Whistler (1928)studied the migration of pied crested Cuckoo, 
ClamatOT jacobinus over Rajasthan, U.P. and Gujarat. He reported 
(1938) on an Orinithological Survey of Jodhpur State. 

Simmons (2930), while studying the migraiion, observed the pied 
Crested Cuckoo, Coceystes jacobinus, in Ajmer and again reported (1948) 
the occurrence of Cuckoo-shrike, Lalage syktsii, at Abu and Ajmer. 
Acharya (1931) reported the occurrence of Ciamater jacobinus Boddaert 
from northern Gujarat and Rajasthan. Briggs (1932), while studying the 
niigration of Tchitrea paradisi, obser\'cd this bird in Rajasthan. Singh 
(1933) recorded the occurrence of Great Crested Grebe (Podiceps c. crislatus) 
in Bikaner. Bates (1939), during his study on the status and nidification 
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Abubertin and Smart (1940) on Calliphoridae include the material till 
then known from Rajasthan. 


9. AfoIIusea 

Works of Blandford and Godwin-Austcn (1908) on Tcstaccllidae 
and Zonitidacj of Gude (1914, 1921) on Trochomorphidae-Jancltidac 
and land opcrculates; and of Preston (1915) on freshwater Gastropoda 
and Pelecypoda give useful information about Mollusca. Reccntl)^ 
Ray (in press) reported the result of his studies on molluscs of this area. 

10. VtrUbrala 

: Day’s (1889) work, although still a landmark in Indian 
Ichthyology, provides little information about tlie fishes of Rajasthan. 
One can only guess from the distribution of v.arious species of fishes 
reported by him that some of them may be found in Rajasthan. Hora 
and Mathur (1952) studied ihePalaeogcograpliical features of Rajasthan 
as evidenced by the distribution of fishes. Mathur (1952) was the 
first to make a systematic study of fishes from soutliern Rajasthan. 
Krishna and Mcnon (1958) reported eleven species of fishes from 
Jodhpur. Datta Gupta rte/. (1961) studied fishes from lakes of this 
area. Misra (1962) included in his aid to the identification of commer- 
cial fishes those found in this area. Moona (1962) reported 22 species 
from Bharatpur district. Datta and Majumdar (in press) studied a 
large collection of fishes made by various survey parlies of the 
Zoological Survey of India, 

Amphibia : McCann (1932) studied some of the Batrachians from 
this area. Recently Kiipalani and Murthy (in press) dcscrided the 
Amphibia of Rajasthan, and reported eight species from this area. 

Reptilia : Blanford (1879) studied a collection of reptiles from Ajmer. 
Murray (1887) gave an account of reptiles of Western India including 
this area. Boulcngcr (1890) included some of the species known from 
this area. Annandale (1906) reported the occurrence of some of the 
reptiles of desert tracts from south India. Bannerman (1907) studied 
the distribution of the varitics of cobra in India including Rajasthan. 
Dave (1961) studied ecological associations of reptiles of Rajasthan. 
Krishna and Dave (1956. 1961) gave the distribution of reptiles in 
the desert areas of Rajasthan. Sunder Singh (I960} studied Ophidia 
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Krishna and Prakash (1955) studied the distribution of hedgehogs in the 
desert of Rajasthan. In (1956) these authors studied the systematics, 
ecology and distribution of mammals of desert of Rajasthan, and later 
(1961) provided further information on the mammals of Rajasthan 
desert. Gee (1958) studied ‘wild’ cattle of Bharatpur. 

Prakash (1956a) has given valuable information on mammals of 
Rajasthan desert and provided (1956b) an additional list of mammals 
from the same area. Prakash (1958) enlisted the vertebrates of Indian 
desert in which he dealt with mammals only. He studied (1958b) 
extinct and vanishing mammals of desert of Rajasthan and problems of 
their preservation. Parakash {I960) reported the occurrence of a few 
more mammals and discussed zoogeography of this area, Prakash 
studied the systematics of bats from Rajasthan (1963), and zoogeogra- 
phy and evolution of mammalian fauna of this area (1963b). 

Recently Gupta and Agrawal (1966) reported the occurrence of 
Indian hatry-footed gerbil, Cttbillus gleadowi Murray from Kolayat, 
Sikar and Jodhpur. Agcawal (1967) recorded (Millardia) gUadowi 

(Murray) and Pipislrellus domeri caurtnus (Thomas) from Jodhpur. 
Prakash and Jain (1967) reported Raltus mtltada Gray and Gerbillus 
dmjntrus from Jodhpur. 
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IV — Summary 

The existing knowledge about various groups of animals has been 
briefly reviewed and a selected bibliography on the Rajasthan zoology 
has been given in this paper. As a result of the study it has been 
observed that certain groups of animals have not yet received attention 
of sjstcmatic zoologists and that an intensive collection and their study 
could pro%-idc useful information about the faunbtic wealth of Rajas- 
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otMerops p. persicus Pallas, reported its breeding in Rajasthan. Lowther 
(1940-44) studied some birds found in U.P. and Rajasthan. 

The Private Secretary to His Highness the Maharaja of Bikaner 
reported (1946) the occurrence of Anser fabalis Barllon from Bikaner. 
Battye (1947) reported the occurrence of Fatco jugger Gray at Mt. Abu. 
Pratar et al. (1948) reported the occurrence of Falco jugger Gray at 
Mt. Abu. Biswas (1949) studied some of the birds of southern Rajasthan. 
Shivrajkumar (1949) reported the occurrence of Woodcock, Scolopax 
tusticola Linn, at Mt. Abu. Maricn (19f)0}, while studying Asiatic 
Meropidae, included those found in Rajasthan, U.P. and Gujarat. 
Recently Roonwal (1959) suggested the possibility of establishing a 
breeding centre for Ostrilch at Bikaner. Ripley (1952) gave an account 
of vanishing and extinct bird species of India including those in 
Rajasthan, and included in his synopsis (1961) the majority of the birds 
found in Rajasthan. 

Mammalia : Blanford (I888-91) included many species known from 
this area. Dang (1959) studied the ‘Wild’ cattle of Rajasthan and U.P. 
Ellerman and Mornson-Scott (1951) included most of the mammals 
known fiom Rajasthan upto 1946. Blanford (1897), while studying the 
races of large Indian squirrel {SeiuTus tndicus Erxleben), reported 
S.i. bingalmis from Jaipur. ErsUne (1908), in the Imperial G.izctieer of 
India (Rajputana), gave a good account of mammals found in various 
districts of Rajasthan. Anonymous (1911) report on the mammalian 
fauna of India, Burma and Ceylon included also those from Rajasthan 
area. Rylcy (1914) published partial account of ‘Mammal Survey of 
India’ dealing with material collected from Palanpur (Gujarat) and 
Mt. Abu (Rajasthan). Wroughion’s studies (1908-21) include the 
material collected in R.-ijasthan by 'Mammal Survey of India’, and 
other parties. He described (1912) a new species H^sirix cuneiceps, the 
Rajputana porcupine, from Cutch and Rajputana. Thomas (1915, 1923) 
studied mongoose and rats collected by 'Mammal Survey of India’ which 
include the material from Rajasthan. Livcscy (1922) reported a lion 
being shot near Kotah. Lindsey (1929) gave the results of his studies 
on shrews collected by ‘Mammal Survey’ parties. 

Pocock’s studies on foxes (1936). mongoose (1937) and otters (1940) 
include the material from Rajasthan. Sinha (1946) reported the 
occurrence of an albino boar from Udaipur. Kinnear (1952) gave a 
history of Indian Mammology which included also that of Rajasthan. 
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than. The principal groups which need immediate attention are 
earthworms {Annelida; Oligochaeta), Turbellaria and monogenette 
trematodes, licks and mites (Arachnida). Myriapoda, and a few groups 
of insects like Mallophaga, Collcmbola, etc. The parasitic Protozoa 
and Crustacea, etc., have also remained untouched and their study could 
also be interesting. 
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USEFUL ANIMAL PRODUCTS OF RAJASTHAN 
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Veterinary Science and Animal Husbandary, Mathura 


— Introduction 

In this paper, I would restrict myself to animal resources available 
in Rajasthan where the livestock population ts one tenth of the total 
livestock population in India (1956 census). Rajasthan produces wool 
upto the extent of 45 per cent of the total production of wool in the 
country. The Nagori breed of cattle is famous all over India and is 
one of the prize breeds. It has been developed through generations 
and has adapted itself to extreme variations of temperature. During the 
hot months the heat is apt to be intense during the day but nights are 
pleasant. Scorching winds blow with great violence during the months 
of April, May and June, and during this period sand storms frequently 
occur. There are persons known as Banjaras who have taken to buying 
and selling cattle as one of their main activity. They move from place 
to place, selling their animals and grazing their stock on the way. 

‘Bikaneri sheep’ have been quite popular all over the country and 
this breed has its origin in Rajasthan. Some sheep of this breed yield 
upto 9 lbs. of wool which is the highest in India. The wool is of good 
variety and the sheep have learnt to live and flourish in the unfavoura* 
ble and exacting conditions met within Rajasthan. The other breed, 
“Marwari”, of the Jodhpur Division is also worth mentioning. 

The camel ii, by necessity, a useful animal for Rajasthan. It is 
well known that it requires very little water in comparison to other 
animals. In pl.ices uherc there are no roads, where motor cars etc. 
cannot go, animal transport becomes the only means of conveyance, 
and here camel serves the purpose very well in remote areas, and 
agricultural operations where facilities for cheap electric power arc 
not available. 
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1 (ii). The wool industry should be developed and all possible 
ciTorts made to increase wool production. For the utilization of the 
wool produced, it would be necessary to have a woollen mill in the State. 
Those who are engaged in wool production are poor and illiterate and 
so governmental patronage is necessary. The question of forming a 
Board consisting of wool producers and the woollen industry may be 
considered. 

(fi). With a view to derive maximum profit with minimum cost, it 
would be necessary to have a well planned slaughter house and meat 
processing factory for mutton. The location of this factory should be 
near the rail head and where ample water and cheap electricity is 
available. Perhaps this proposal may appear to be a little out of place 
but experience has proved without any doubt that ‘selection of sheep 
for wool production’ has no meaning till effective methods have been 
worked out for the disposal of the culled slock. 

2 (u). Rajasthan is not suited for the rearing of buffaloes and all 
milk that is produced is from cows. Cow keeping, milk production, milk 
processing and dry milk powder factories can be established in the State, 
and by so doing the farmers who keep animals would get better return 
for the milk produced. The business of supplying animals to the other 
parts of the country could be better organized by publicity and high* 
lighting the good points in favour of the famous Nagori breed of cows. 

(J). Keeping in view the sentiments of the people, it is suggested 
that ‘carcase utilization centres’ should be organised all over the State 
so as to derive maximum benefit in the form of bonemeal, tallow, meat 
meal, hides and the manufacture of other ancillary products from dead 
cows and bullocks which practically go a waste at present. The profits 
derived may be distributed to the cattle owners who supply the dead 
animals. 


IV — SUSIMARV 

According to the 1956 census, the population of livestock in 
Raj'asthan is one-tenth of the total livestock in India. This State is 
producing upto 45 % of the total production of wool in the country. 
Proposals for the economic development of Rajasthan through this 
industry have been made. A few suggestions for making the best use of 
animal resources are given. 
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II— Planning for Economic Development 

For the economic development of Rajasthan, the two alterna- 
tives perhaps may be, first, the starting of new industries, and the second, 
the development of industries which have been existing for hundreds of 
years. In the later case, the advantage is the availability of trained 
personnel, while in the former persons have to be trained. 

For economic development of Rajasthan gosamvardhan and ‘sheep 
farming’ are most suited. The application of modern genetics, recent 
developments in veterinary medicine, developments in wool technology 
and dairy farming should all be applied and a planned development 
in all its aspects carried out m a determined way. The region 
is well suited and the raw material (c.ittle and sheep) of good 
quality are already available. Attention to breeding, feeding, 
management and control of diseases should be the pillars for the 
development of these industries. 

The production of wool and the storage of wool so that it does not 
deteriorate, and, likewise, breeding of cows and the processing of milk, are 
essential for the success of the project. The marketing of products has 
become quite a specialised branch today, and money is the greatest incen- 
tive for the development of an industry. The producers of milk and wool 
should get proper return which should in no way he less than for a person 
engaged in any engineering enterprise. If the economic conditioner 
banjaras, shepherds and persons engaged in rearing sheep, are improved 
It would, in due course of lime, create a condition of the so called ‘self 
generating economy*. The State has to start, take risks, guarantee 
profits, give protection to those engaged in the work and help those 
individuals who cannot help themselves. 

Camel breeding, due to necessity and the picullar situation existing, 
as to be developed for rur.al transport and for better standard of living. 
Its importance is also great for defence purposes. 

In the end it may be pointed out that if these measures are taken in 
t cir proper perspective, it would be possible to develop the above two 
industries for the benefit and well-being of the Rajasthan and its people. 

Ill — Looking Ahead 

With a view to make the best use of animal resources the following 
suggestions are made : 
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I — General Considerations 

It has long been known that most animals, both vertebrate and 
invertebrate, arc extremely regular in their behaviour. The switch 
from Grcenwitch Mean Time (G.M.T.) to British Standard Time (B.S.T.) 
in spring and the change back in autumn are a constant source of 
irritation to British farmers who complain that it upsets milking sche- 
dules because cattle take some days to adjust to the hour’s difference. 
Nor are cattle the only animals to be affected: the sense of time of the 
farmer’s dog and the feeding rhythms of his animals are equally 
disturbed. Only during the last 30 years or so, however, has it been 
realised that the daily rhythms of animals are not just responses to 
diurnal changes of the environment, but are manifestations of an inter- 
nal or ‘endogenous’ physiological periodicity which persists, often for a 
considerable while, under laboratory conditions of constant light or 
darkness, temperature and humidity. Indeed, although for 20 years 
previously it had been known that bees possess a time sense, the terra 
‘biological clock’ did not come into general use until about 1952 when 
it was shown that the solar navigation of birds is time-compensated 
(Kramer, 1952; Matthews, 1954). From this discovery dates study of 
diurnal rhythms in terms of their relationship to an internal ‘clock* 
system. 

Although animals often do the same thing each day at a regular 
time, as when cows gather round the barn just before milking, such 
behaviour may vary from season to season. Grazing animals, for 
example, are likely to be more active at night during hot weather and 
less so in winter. In addition, seasonal changes in behaviour are 
produced by changes in the breeding cycle. 

The study of biological rhythms or clocks is thus comparatively 
new, but its importance is rapidly becoming apparent, not only in rela- 
tion to animal physiology and behaviour, but to their applied aspects. 
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readings \s’erc significantly increased by supplementary feeding, but 
afternoon readings were unaffected by the plane of nutrition. Rectal 
temperatures were positively correlated with the dew point in the morn- 
ing and, later in the day, with direct sun temperatures 4 hrs. earlier 
(Hutchinson and Mabon, 1954). It should be remembered, however, 
that several different types of rhythm may co-exist simultaneously in 
the same animal, and may, or may not, be inter-related. 

During autumn and spring, in temperate climates, sheep leave 
the place where they have spent the night and go out to graze. The 
flock follows a regular route around the pasture. Every two hours 
or so, the animals He down and start chewing the cud, for sheep never 
graze continuously but rather in cycles interrupted by periods of 
rumination, rest and idling. The longest periods of grazing occur at 
dauTi and between late afternoon and dusk; the incidence of night 
grazing depends on the temperature and the prevalence of flies (Hughes 
and Reid, 1951). 

Cattle graze less than sheep and over 4 or 5 periods each 24 hours. 
The main grazing periods occur just before dasvn, in the middle of the 
Dioming, in the early afternoon and near sundown : of these, the most 
continuous are the first and last, while the intermediate periods are 
rather variable. Night grazing is less sharply defined and occurs more 
frequently in summer since, in hot weather, the animals prefer to rest 
and ruminate during the heat of the day. In any given locality, the 
commencement of early morning grazing is correlated with the season 
of the year (Hughes and Reid, 1951). 

II — Physiological Mechanisms 

The circadian rhvthm of an animal is a manifestation of its 
endogenous clock or clocks. The question arises as to how these clocks 
operate, and three theories have been proposed in explanation. 
According to the first, all rhythms are basically exogenous and depend 
ultimately upon cosmic ‘clues’. Man-made clocks are of two general 
types — those with intrinsic timing, such as the hourglass, and 
extrinsic clocks like the sundial and electric clocks, which depend upon 
the inflow of timing information. According to this theory, biological 
clocks depend upon an inflow of exogenous or extrinsic factors. In 
addition to obvious changes in light intensity, temperature and humidity. 
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including medicine and veterinary science. It is now generally believed 
that most daily activity rhythms TcprcsenC self-sustained oscillations 
that are free-running under constant conditions and have their own 
inherent frequency which approximates to 24 hours — hence the term 
“circadian”, derived from the Latin cirra (about) and diem {a day). 

Some of the physiological rhythms of animals, such as the spon- 
taneous discharge of nerve cells or the beating of the heart, have a 


comparatively high frequency. Others, like sexual cycles, may have a 
periodicity extending over weeks or months. In general, high-frequency 
cycles depend more upon the morphological and physiological charac- 
teristics of an animal, whereas long-term rhythms tend to be correlated 
with diurnal, lunar or seasonal cycles of the environment. Although 
in this article only circadian rhythms are considered, the distinction 
between the different types of cycle is not absolute. Heart rate is clearly 
dependent upon the size of an animal, its surface-volume ratio, circula- 
tory efficiency and so on— features that bear no particular relation to 
astronomical time. Nevertheless, it is well known that a 24 hour 
periodicity is superimposed upon this and the rate of heart beat tends 
to decrease during sleep. 


Under natural conditions, circadian rhythms are synchronised 
with, or entrained to the period of the earth’s rotation by means of 
periodic factors of the environment. As the rhythm is not a direct 
response to these, however, such factors have been referred to as “clues”, 


synchronizers” or "ieilgebern" (lime-givers). Their function lies in 
keeping the physiological rhythm of the animal in phase with the cycle 
of the environment. The terra “exogenous” is applied to rhythms that 
represent a direct response to cyclical environmental changes. 
Unequivocal examples of exogenous rhythms are comparatively 
rare, however, and they probably often represent "endogenous” 
rhythms which, in the absence of clues, rapidly get out of phase with 
tlie cycle of the environment (CIoudsley-Thompson, 1961). 

An example of an exogenous rhythm is afforded by the tempera- 
ture rhythm imposed on cattle in hot climates. It was found in Tan- 
zania that the diurnal variation of rectal temperature from 7.30 to 
15.30 hrs. had a range of 2 deg. C (3.5 deg. F) while the air tempera- 
tures ranges about 6.5 deg. G (12 deg. F). The variation within morn- 
ing readings was greater than within afternoon readings. Low morning 
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very similar, but those animab from different litters varied. These 
results have been interpreted as proving the genetic origin of the natural 
period on the ground that, if the rhythm were learned, there would 
have been an accumulative error which would have caused the third 
generation to have- a frequency of other than 23.5 hour (Cloudsley. 
Thompson, 1961; Harker, 1958). 

If circadian rhythms are indeed inherited, the problem arises, why 
do they tend to die away in some animals after long periods under 
constant conditions ? Circadian rhythms occur in unicellular 
organisms as in multicellular ones, and it has been suggested that the 
rhythm of a multicellular animal may disappear when its cellular 
clocks are no longer synchronized with one another. Since a single 
exposure to light or an abrupt change in temperature can be sufficient 
to engender the reappearance of a rhythm, this hypothesis seems not 
unlikely to be correct. For this reason, therefore, exogenous rhythms, 
which do not persist under constant conditions, may merely represent 
endogenous ones that rapidly get out of phase with the environment. 
Moreover, many attempts have been made to locate a rhythm control 
centre in mammals, using operative procedures. These have included 
removal of the stomach, adrenals, pituitary and thyroid glands, as 
well as lesion of the frontal brain tissue and corpus striatum of the rat, 
and removal of the cortex of the dog. In no case, however, was the 
rhythm eliminated completely. 

Circadian rhythms of activity have been studied extensively in 
mammals, especially rodents, and are usually remarkable for their 
persistence. For example, the daily rhythm of nocturnal doormicc 
persists upto 18 months in darkness, although in constant light, the 
daily active period becomes progressively later. Similar results have 
been obtained with while rats, mice and hammsters. The persistence 
of endogenous rhythms under controlled environmental conditions 
has not yet been investigated experimentally in domestic animals, but 
there is no reason to suppose that these should differ from other 
mammals. 

If functions other than locomotory activity arc studied, it is 
found that these too show endogenous rhythms. They include rhythms 
of heart rate, metabolism, blood sugar, blood eosinophils, mitosis, body 
temperature, excretion rate and so on(Halberg et at., 1959). Many of 
these rhythms are inter-related, but some of them can be separated 
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which can be eliminated experimentally, there arc diurnal changes in 
other forces such as gravity, barometric pressure, high-energy radiation, 
and magnetic and electric fields. Such information, if indeed it does 
provide the timing information of biological rhythms, must be trans* 
mitted in an extremely subtle manner and depend upon some universal- 
time geophysical rhythm with simultaneous svorld-wide changes, such as 
alterations in magnetic or electrostatic sensitivities. It has so far proved 
impossible to devise an experiment that will differentiate between a 
genuinely innate clock mechanism and one derived from extrinsic 
sources, since it is possible, by analogy, to alter the hands of a clock 
relative to the position of its mechanism. The theory is unassailable in 
terms of logic and the critical experiment to prove or disprove it can 
probably be conducted only in outer space (Brown. 1962), 

The second theory assumes that when animals develop from the 
fertilized egg or zygote, they are initially arhylhmic. But they soon 
learn a 24 hours rhythm from environmental conditioning or from the 
behaviour of their parents through ‘imprinting’; a type of learning that 
takes place very quickly and is almost Irreversible (Thorpe, 1963). 
Although not entirely disproved, there is little evidence in favour of 
this theory and much against it. For example, young rats have been 
raised in total darkness and constant temperatures and yet showed a 
circadian rhythm of activity and rest, monitored by their use of running- 
wheels. That this had not been learned through the influence of their 
mother, svhose own rhythm would have been reflected in the times at 
which she fed her young, was proved by exchanging a ‘foster’ mother 
with the real mother randomly at different limes during the day and 
night. 

The majority of biologists working in the field of biological 
rhythm now assume the presence of an inherited circadian clock and 
there is considerable evidence in favour of this hypothesis, emanating 
from the study both of vertebrates and invertebrates. For example, 
chicks hatched and raised in constant dim light and without any known 
periodic environmental factor developed a rhythm having a frequency 
of slightly less than 24 hours. 

In another experiment, different strains of mice were maintained 
under constant environmental conditions, some in light and others in 
darkness. Within each litter, the periodicities of individul mice were 
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all long sequences of six or more eggs terminate in the evening at 
19.00 hr. 

When the daily light cycle is replaced by constant lighting, hens 
continune to produce eggs at regular, but slightly longer, intervals than 
before, and regular oviposition cycles are maintained by a small pro- 
portion of individuals even in constant darkness. 

Although most egg sequences are initiated in the early part of the 
natural day, regardless of light or activity, hens receiving artificially 
short days (8 hr. light and 8 hr. dark) reached 50 per cent production 
three weeks later than a control group which received 16 hr. light daily 
(Woodard et al., 1962). Similarly, short cycles of 16 and 18 hr. length 
respectively retarded sexual maturation in both male and female 
Japanese quail, CoturniJ'j'a/onictf, and tended to upset the continuous 
laying patterns in some hens, possibly through interference between the 
exogenous short-day cycle and the natural circadian rhythm. 

The endogenous nature of egg-lay in birds has been demonstrated 
by experiments in which ovulation in regularly laying chickens was 
suppressed by intramuscular injections of 1.0 to 2.5 mg. oestradial 
benzo.ate. The following day, however, ovulation took place at the 
usual time. In other words, egg-laying could not take place until the 
normal time next day, irrespective of the time at which the inhibitory 
factor was removed. From this, it %va$ concluded that the neural 
mechanism thought to control the release of the ovulation-inducing 
hormones from the anterior pituitary followed a 24-hr. rhythm in its 
responseto other excitatory hormones (Fraps, 1951). 

Under natural conditions, circadian rhythms of activity are 
synchronized with, or entrained to the period of the earth’s rotation by 
means of periodic factors of the environment. Of these factors or 
clues, light is undoubtedly the most important. This is rehsted 
to the fact that, of all physical factors of the environment w hich change 
over the 2-f-hr. period (suc/i as temperature, hatnidity, barometric 
pressure and soon), light intensity is the most consistent and reliable 
(Cloudslcy-Thompson, 1960, 1961). 

In rodents, the period of spontaneous locomotory activity Is 
lengthened In constant light. Tlius the time of the daily period of 
activity becomes progressively later on successive days and m.-5y be 
shifted steadily round the clock, vnth no tendency to be fixed at any 
particular lime of the solar day or night. The trend in the rate of 
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experimentally, which implies that there is no single clock system. For 
example, if mts are illuminated from 06.00-18.00 hrs., their main feeding 
time is changed from midnight to noon, but the pattern of running 
activity docs not change although the light inhibits locomotion induced 
by hunger, experiments have been carried out on men working abnor- 
mal time routines in the Arctic during the summer, when perpetual 
daylight is experienced and other environmental conditions show little 
variation. Specially adjusted 21-hr. and 27-hr. wrist-watches were 
svorn so that, m the intervals between recording cycles, when the 
subjects were free to punue their own interests, they would always live 
according to the experimental time routines. It was found that the 
rhythm of body temperature became arf.ipted almost immediately to 
the abnormal time routines, in marked contrast to the excretory rhythms 
of water, chloride and potassium which showed varying degrees of 
dissociation. It was suggested that the rhythms of sleep, body temper.!* 
ture and the retention of water and chlorides might be controlled by 
the hypothalamus, whilst the potassium excretory rhythm might be 
under the innucncc of the adrenal cortex (Uwis and Lobban, 1957). 

Physiological rhythms under l.aboratory conditions have not been 
studied in farm animals, but the existence of circadian excretory rhythms 
in cattle has long been known. In one experiment, the total dry weigh! 
of urine was minimal at 10.00 hr. and maximal at 23.00 hr. The 
concentration of potassium and the pot.*issium/sodlum ratio paralleled 
this, while sodium concentrations were minimal at 23.00 hr. with 
ma.xima at 14.00 and 02.00 hr. The level of phosphorus was low bet- 
ween 14.00 and IG.OO hr. and high between 06.00 and 14.00 hr., whilst 
dry faecal material had a maximum weight at 14.00 to 16.00 hr. with 
a minimum at 10.00 hr., and so on. 

Numerous investigations have established that the cyclic pattern 
o oviposition in poultry and other birds is synchronized by daily fluc- 
tuations in light intensity. Individual hens with exceptionally high 
^tes of laying nearly always oviposit at about the same time each day. 

gg sequences are generally initiated in the early morning and termi- 
nated m the late afternoon. Chickens with a low rate of lay usually 
rrupt egg production for one or more days whenver oviposition time 
as advanced to fall within the night hours. In turkeys, over 74 per 
cent of eggs are laid between 12.00 and 20.00 hr. and only 20 per cent 
'cen 06.00 and 12.00 hr. Only 5.5 per cent are laid in darkness and 
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by simple response to cyclical cnnronmental changes. Furthermore, 
environmental clues arc not always regular in the field, for example, the 
sunrise may be hidden by cloud, and it will obviously benefit an animal 
to be pre-adapted for some forthcoming event such as dawn or winter. 
Consequently there must, through the ages, have been a steady selection 
in favour of an accurate endogenous rhythmicity. 

The effect of drugs is greatly influenced by the time at which 
they are administered, and animals show rhythms of sensitivity to toxic 
environmental stimuli. Indeed, the functions of the various organs in 
animals are rhythmically adjusted so that homeostasis is achieved and 
they are sheltered from regular oscillations of the external environment. 
The concept of homeostasis, of course, prc-supposcs limited variability 
since some departure from the normal must occur to evoke the appro- 
priate regulatory mechanism. Physiological rhythms, however, arc 
more than mere variations about a physiological norm, for the norm 
itself is changing rhythmically. It is now well known that the 
behavioural responses of an animal to a stimulus vary according to the 
physiological state of that animal and this, in turn, varies according 
to the time of day or season of the year. For e.xample, at night many 
nocturnal animals are much more sensitive to enrironmental stimuli 
than they are during the day, and the converse also occurs. 

Moonlight is more favourable to romance than the harsh morning 
sunshine, nor is the difference purely psychological. To quote an 
Arabic proverb, swords spoken at night are coated with butter which 
melts when the sun rises. How many love letters ha^c had their effect 
impaired by the unfortunately early hour of postal delivery ? At 
present, biological rhythms are largely ignored in animal husbandrj’ 
(apart from artificial alteration of photoperiod to influence egg-lay). 
But the time may soon come when basic knowledge of the subject 
increases to a point at which ti can usefully be applied to increase 
productivity to a far greater extent than at present envisaged. 

IV— ScStUARV 

Some of the results of switch from Creenwiteb Mean Time to 
British Standard Time in spring and the change back in autumn have 
been correlated with the internal or 'endogenous' physiological periodi- 
city called ‘biological clock’. In this paper only circadian Uifca, about; 
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numerous metabolic periodicities at each level of organisation, synchro- 
nized into an organic whole. Or, if the control process were one 
involving a change in entropy rather than heat change, there would be 
but a slight temperature coefficient and the clock mechanism would 
fend to be independent of temperature. At present there is little 
experimental evidence to support any particular hypothesis. 

Ill— Biological Significance 

Two kinds of factors are of importance in maintaining rhythms 
in animals : (a) Proximal — these are the clues or ^eilgebern by which 
the rhythm is synchronized to the environmental cycle and which 
include changes m light intensity, day length, temperature fluctuations, 
seasonal rainfall, lunar phases and so on. (b) Ultimate— these are the 
factors by which the animal benefits from its response, They include 
availability of food and breeding sites, comparative absence of preda* 
tors and parasites, synchronization of breeding adults, seasonal availa- 
bility of water, absence of inclement weather, seasonal fires or drought. 

A proximal factor can sometimes act also as an ultimate factor 
as in the case of seasonal rainfall which synchronizes the breeding of 
many tropical birds. A time-sense is involved in the solar navigation 
of birds, insects and other animals, in the appreciation of changing 
photopenod and the consequent synchronization of breeding cycles and 
other seasonal phenomena. 

The timing of an animal’s activities is clearly important for a 
number of reasons. There is an obvious biological advantage to a 
species in the co-ordination of the activities of its members. Not only 
o the sexes have a better chance of mating, but the presence of large 
numbers at a given moment maybe sufficient to satiate the appetites 
of predatory enemies at this vulnerable lime. No doubt, too. the times 
° rnany carnivorous animals arc related to the activity 

r yt ms of their prey which, in turn, can avoid predators by adjusting 
t eir limes of activity. As well as gaining protection from enemies, many 
animals escape competition for food by assuming a nocturnal activity 
period (Cloudsley-Thompson, I960). 

No doubt many of these generalizations apply, or have applied, 
t er to farm animals or to their wild progenitors. All of them could 
carried out more efficiently by reference to an endogenous clock than 
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I — Introduction 

Rodents arc serioxis pests of the natural resources in the Rajasthan 
desert because of the considerable number of species which are distri- 
buted almost in every xeric habitat. Besides, the population of certain 
species of rodent increases to such high levels that they do not leave 
any vegetation, particularly the edible grasses, for utilization by live- 
stock the maintenance of which is one of the roaj'or source of livelihood 
of people in this desert. In addition to the economic losses by their 
devastating activities, the rodents disturb the delicate soil-plant-animal 
balance (Prakash, 1959). Some work on the biological aspects of the 
rodents inhabiting the desert region has been carried out in the recent 
past but a severe lacuna remains to be Blled in the knowledge of the 
rodents of eastern Rajasthan and with respect to those inhabiting the 
irrigated region such as Sri Ganganagar. In this review is discussed the 
ecological work done so far on the rodents of the Rajasthan desert. 

Three families of Rodenlia arc represented in the desert region 
(Adams, 1899; Agarwal, 1967; Gupta and Agarwal, 1966; Prakash, 
1959d, 1963, 1963a, Prakash and Jaio, 1967; Prakash and Purohit, 1967). 
These are : 

Family I. Sciuridae (Squirrels and marmots) 

1. Funambulus pennanti Wroughton (Northern Five-striped 

squirrel) 

Family II. H^itricxdae (Porcupines) 

2. Hjslrix indiea Kcir (Crested porcupine) 

Family III. Muridac (Rats, mice, gerbib) 

3. Cerbillus dasjurus indus Tlioraas (Wagner’s gerbil) 

4. Cerbillus gleadouA Murray (Ilairy-footed gerbil) 
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and dim, a day), rhythms have been discussed. The question as to how 
the ‘biological clock or clocks’ operate and the three theories that have 
been proposed in explanation of the mechanism of circadian rhythm 
have been discussed. The biological significance of these rhythms has 
also been considered. 
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son is over, the merion gerbits migrate back to their nearby burrow 
systems. Talera is found in pairs in each burrow system (Prakash, 
1962) in the native grasslands over sandy plains but as many as 14 were 
collected from a single burrow opening in a ruderal habitat. At 6ika> 
ncr, the rodents burrow on the sides of walls of houses in the streets of 
the city and are found in large numbers. They have more or less fully 
replaced Rattus rattus from the city. They enter houses at night for feed- 
ing on refuse. Gerbillus daiymus is psammophile although Zahavi and 
Wahrman (1957) found it to be rock-dwcllcr in Israel, where it digs 
burrows among stones. GnbUtus gUadowi is found on sand dunes; its 
burrows being located under bushes and also on gravel plains (Prakash 
and Purohit, 1967). G. gUadotci was also collected from Meriones 
hurrianae burrows where it is commensal, thus probably, avoiding any 
competition with this dominant species of the desert. 

Hytlrix indiee inhabits long tunnels in rocky regions (Prakash, 1961} 
and Funambului ptnnfinti, the arboreal rodent of the desert, ts found near 
villages in the rocky habitat, otherwise it is commensal with man. It 
appears to be very adaptive and it has recently been reported from 
Iran (Ellerman, 19GI) and the Andamans (Chaturvedi, 1965). Moore 
(1960) reported that its range extended towards east (Nepal Terra!) in 
India. Moore and Tate (19CS), while discussing the sysiematics of the 
genus Funambulus, described the habitats of the species of this genus. 

In addition to the edaphic factors, the habitat preference of 
rodents also depends on the vegetation types. CtTbxUus gltadawi prefers 
to burrow under bushes of Calotropu proeera, J^itjphus rummularia, Cappatis 
dtctdua and Atria tomtnlosa (Prakash and Purohit, 1967), whereas tlie 
desert gerbil, Sf. kurrianat, avoids regions having thick grass co\er, 
particularly of Ctr-ekrus biflarur antlETianthui {Vraknh, 19G4a). It 
prefers the micro habitat having frequency of graiics like Arisllda 
edsetnsior.is, Lasiurvt sindlivj, Paotis hordtifoTnis and DigUatta nargirata 
(Prakash rt a/., 1971). McCan (1927) mentioned that their common 
haunt is the flats svhere Saliaiera ptrstea. a small tree, grows. What is 
the influence of the occurrence of predators on the hnbital preference of 
rodents can only lie ascertained when detailed studies on the former 
are taken up. 



338 : Natural Resources op Rajasthak 


5. Tatera indica indica Hardwicke (Indian gerbil) 

6. Meriones huTTiame Jetdoa (Desert gerbil) 

7. Rattu! rattus tuftscens Gray (House rat) 

8. Rattus meltada pallidtor Ryley (Soft-furred field rat) 

9. Rattus gleadowi Murray (Sand-coloured rat) 

10. Mus musculus baefnanus Blyth (Persian house mouse) 

11. Afus booduga Gray (Little Indian field mouse) 

12. Golunda ellioti Gray (Indian bush rat) 

11— Habitat Preference 

Prakash (1964) recognised three main habitats of desert mammals, 
viz. sandy, rocky and the rudcral, which arc chieSy based on the 
edaphic characteristics, following Blatter and Hallbcrg (1921). The 
habitat preference of various rodents is shown in Table 1. 


Tabu 1. — Habitat prtferenee of rodents of the Rajasthan desert 


HABITATS 


I 

SANDY 

I 


Sand duno Saody plaina 


CtrbiUus daj^urus 
GtriiUu) fUaJawt 

Mtfionts hurrunat 
(tecnporarilv) 


Cerbillus daryurns 
Tatera < indtea 
Meriones Aurrionae 
Rattles meltada 
Raflar gleadowi 
Mus booduga 
Colunda ellioli 


I 

ROCKY 

I 

Fmambalus fiennanti 
(occajsionaJ) 

Hytirix indtea 
Tatera i mdua 


I 

RUDERAL 

J 

Fiuiambulus pennanli 
Tatera i. indica 
Meriantt /lurrianae 
(in haivMting season) 
Rattus rattus 
Mas musculus 


Most of the rodents prefer sandy habitat, but Tatera i. indica and 
Alertones kurrianae occur in almost all other habitats (Prakash, 1962) 
and the former is found even in highly saline soils. It has been observed 
that Meriones colonise sand dunes when their upper crust is stabilised 
during the rainy season, but no sooner it dries the gerbils shift 
ack to the more stabilised sandy plains. They also shift or extend their 
burrows under bushes when the pods ripen and fall 

down. The desert gerbils feed on its seeds. When the fruiting sea- 
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seasmum or coconut oil may increase the attractiveness of the bait. Since 
Frakash (1962) found that they feed mainly on the seeds in nature, 
intake of grasses, shrub and tree species which grow in the gerbil 
habitat, was found out with rodents maintained in the laboratory 
(Frakash et al., 1967). Meriones hurrianae preferred the seeds of grasses, 
whereas preferred the seeds of grasses as well as of 

tree species. The consumption of seeds of these plants by T. indica did 
not vary much. However, the air dried fruits of ^izjphus nummularia 
(ber) topped the palatability index of all the seeds and provided an 
important clue to evolve the onc*shot baiting technique (Frakash and 
Jain, 1970} for the control of these gerbils. 

Water Tequirement : The average daily water consumption rates in 
hvTrianae and GerbiUus gleadowt were found to be 0.57 and 3.28 
percent of body weight respectively (Ghosh and Gaur, 1966). Considering 
the comparatively lower water requirement of the former species the 
authors considered it to be at a more advantageous position than 
G. gleadowt which being nocturnal and thus being less exposed to the 
dessicating daytime desert environment, are less efilcient in cconorai* 
sing on the water expenditure in comparison to M. hurrianae^ 

IV— Reproductio.s 

Esifous ejele : The desert gerbil Afmones hurtiaRae breeds freely in 
the natural environment but it rarely litters in captisdly. However, the 
Indian gerbil, Tatera indica indita, has bred in cages although not 
regularly. The estrous cycles of these two species of gerbils were, 
therefore, studied by Ghosh and Taneja (1968) who found that average 
duration of estrous is 4.82 and 6.22 daj-s for T. i. indica and Af. hurrianae 
respectively. The two species differ significantly in the duration of 
the interval between v-iginal cornification. The actual period of 
cornification lasts for a maximum of one day for both the species. 
These authors observed that period of estrous of 7*. r. indica is in con- 
formity with the average durations of 4.0 to 4.8 days reported by 
Asdell (1946) for various species of Rattiu and consider At. hurrienet as 
a unique rodent species with respect to the estrous cycle. 

Atatir.g iehaciour : One case of mating was observed by Agarwal 
(1965) and detailed observations have been included in Fitzwater and 
Frakash (1969) in which the behaviour, ‘perineal drag’ has been 
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III— Food 

In nature : Some detailed studies have been made on the food of 
Taterai. indica and Alertones kurrianae (Prakash, 1959a, 1962, 1966 and 
1969). Earlier to these studies, Blanford (1888-91) mentioned that 
Tatera feeds on roots and grass, especially Cynodon dactylon, seeds and 
grains, and sometimes cause great damages to Jowar and Bajra 
crops; and that Aieriones feeds on various seeds, especially the 
nuts of Sahadora persice, and on roots. Prater (1965) augmented 
the dietary of Tatera to insects, their grubs, eggs and nestlings 
of ground birds and smaller rodents. Comber (1910) witnessed a 
desert gerbil feeding on human faeces. 

The stomach contents of T. i. indtea and Af. kurrianae were exa- 
mined every month for a year by the volume method (Prakash, 1962) 
and it was found that about half the diet of gcrbils, all the year round, 
consisted of vegetative parts of plants, supplemented by seeds (post 
monsoon and winter) and insects (spring and summer for Tatera and 
summer for Aieriones). These observations tally with the findings of 
Prasad (1954a). The fluctuations in the occurrence of various food 
items were more conspicuous in the latter gerbil, which were in con- 
formity with the changing vegetatfonal cco*system reflecting the avail- 
ability of different food items. In a later study (Prakash, 1969), when 
the food preferences of mcrion gerbil were studied in the field during 
monsoon by comparing the frequency of occurrence of each species of 
vegetation in the biotope with that of the unconsumed plant species 
lying near burrow openings of gerbils, it was revealed that they show a 
definite preference for palatable grasses, the preference being in the 
following order : Ceruhrus eiliaris, Aristida adscensionis, Eragrostis ciliaris, 
Digitaria adscendens, Brachiaria ramosa and Tragus biflora. 

In captivity : A wide variety of plants and animals (invertebrates 
and vertebrates) were offered to Indian and desert gerbils in large 
cages (Prakash, 1959b) and it was found that both the rodents arc 
primarily herbivorous but the former accepts comparatively a large 
number of species of insects whereas merion gerbils accept members 
of Orthoptera only. Investigations to find the most suitable bait for 
poisoning these noxious rodenu (Prakash and Kumbkarni, 1962; Prakash 

ft al., 1969) revealed that wheat flour bajra grain as well as flour 
were most preferred. The addition of 5 to 10 percent groundnut. 
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shawi and 1*8 (av. 3.7) »n Meriones longifrons. Blanford (1888-91) and 
Prater (1965) mentioned the Utter sizes of Raltus rattus, R. meltada, 
and Mus musculus, to be varying from 7-9, 6-8, and 4-8 respectively.' 
However, in Rajasthan desert we have observed upto 7 and 5 young at 
birth in R. raitus and M. mastuita bactrianus respectively. One GerbiUtu 
dasyuTus collected from the field delivered two young in the laboratory 
in June. Litter size of Gerbillus gUadowi was observed to be 2-4 (av. 2.2 
Prakash and Purohit, 1967). 
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Bretiing season : The data available on the duration of breeding 
season is prcscnied in Fig. 1 which indicates that the maximum number 
of rodent species litter in June, the hottest month in the year when the 
feed available is scarce .and all the environmental conditions arc adverse 
for bringing up the young ones. The various possible factors influencing 
the breeding of the Indian desert hare, Lefius nigrieol/it dayanus Blanford 
have been discussed by Prakash and Tancja (19S9) and in the light of 
this discussion, it may appear that the day length may be one of the 
import.ant factors in influencing iheir Uttering duration in the year. 
The littering of majority of rodent species in summer can also be 
explained since the rodents can adapt to the fluctuations of temperature 
by being nocturnal and fossorial, their burrows being cooler than the 
outside environment (Prakash rt al., 1965; Fitzwater and Prakash, I%9). 
The breeding season of rodents, therefore, differs from that of !.trge 
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described. The same behaviour has also been reported in north American 
rodents {Eisenberg, 1963} depicting an Interesting example of parallel 
evolution of the same behavioorin these rodents widely separated 
geographically. 

Gestation period : Banerji (1955, 1957) found the gestation period 
of F. pennanti as 42 days. However, there is very little information on 
the gestation period of the Indian crested porcupine. A female littered 
in the Bikaner Zoo on 3-S-63 and again on 20-9-63, the difference 
between the two deliveries was of 109 days. Zuckerman (1953) 
mentioned for the north African species that the gestation lasts 63 or 
112 days (Asdell, 1946; Kenneth, 1947). The Bikaner record is 
apparently the only one by which a rough estimation of the gesta- 
tion period of the Indian porcupine can be made. The gestation 
period ofTattra i. indiea was observed to be 27-30 days (av. 28.22 days, 
Prakash et «/., 1967) and that of M. kurrianae was 28-30 days (av, 29 
days, Prakash, 1964b). Long and Evans (1922) and Parkes (1926) 
meotioned that the period of gestation of Rallus raiius and Mus 
museulus was 21.5-22 days and 19-20 days respectively. 

LUltr size ; Banerji (1955, 1957) and Purohit et al, (1966) mentioned 
the litter size of northern palm squirrel to be 2 to 4 but Agarwal (1966) 
claimed to have observed litter of five in one case. Prasad et al. (1966) 
discussed the biology of reproduction of F. pennanti. Blanford (1888-91) 
and Prater (1965) mentioned that 2-4 young at a time may be born of 
Hystrix indiea, but in the London Zoological Gardens Zuckerman (1953) 
observed that 1 or 2 young were born at a birth. In the Bikaner, 
Jodhpur and Jaipur zoos, out of 18 deliveries, one young was born in 
five cases, in 12 cases two were born and only in one case three young 
were born. Tatera i, indiea was observed to deliver 1 to 9 young 
at a birth (average 4.0. Prakash et al., 1971). Khajuria (1965) 
also obsersed a brood of six young in Madhya Pradesh and Parrack 
(1966) reported the birth of a litter of four young in west Bengal in 
March. Blanford (1888-91), however, mentioned, 'the female has 8 to 
12 young at a birth, occasionally, it is said, even more’. Prasad 
{19Mb and 1961) reported that the number of embryos per birth of 7*. *• 
cuzieri varied from 3 to 10. The size of litter of Meriones harrianae is 
similar to that of T. i. indiea, 1-9 (average 4.39, Prakash, 1964b). 
However, Zuckerman (1953) has mentioned litter sizes of other species of 
Meriones inhabiting deserts of middle-east to be 1-16 (av. 6.5), in Meriones 
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The fluctuations in number of desert gerbil also show an annua! trend, 
the numbers being lowest in summer and highest in winter and spring. 
The population increase may be mainly due to increase in the rate of 
reproduction after the monsoon, as directly influenced by the availability 
of green food at that time. Their numbers are related to soil charac- 
teristics, the population being less in clayey and compact soils. An 
inverse relationship between grass cover and population density was also 
observed (Prakash etat., 1971). 

VI — Home Range 

The average home range of male and female funamSulus pennanli 
was found by the minimum home range method (Mohr,, 1947) to be 
0.21 *0.73 hectares and 0.15 * 0.034 hectares respectively (Prakash 
et al., 1968). The observed greatest distance between capture 
points of individual adult mate F. pennanti was 65.61*4.80 m, 
for adult female 46.87*5.40 m, for subadult male 41.71 *10.93 m, 
and for subadult female 43.95*1.85 m. The observed range length" 
of adult males is significantly (5% level) more than those of all other 
groups probably because of higher competition among adult males for 
mate which are lesser in number than the former. 

It was observed that during mating season the males M. hurrtanae 
doubled the size of their normal home range, from 88.7 * 14.3 sq m to 
159.9*44.3 sq m. Female home range average 154.7*24.6 sq m. 
The obscr\’cd range length of male desert gerbils was calculated to be 
16.03 *0.98 in or 20.3*2.9 m when the extended breeding range is 
considered and that of females 18.46±I.5m (Fitzwater and Prakash, 
1969). ^Vork on the home range of 7*. i. indica is in progress and the 
preliminary results indicate that the range length of male and female 
TttttTtt is 90 m and 106 m rcspectu-cly. The home range studies 
are valuable for establishing the distance at which bailing stations 
should be flxed in control operations. 

VII— Behavioural Adaptatio.vs to Xeric Envirdnme.vt 

Diumal actirilj ; The desert gerbils adjust the timings of their 
activity outside the burrows to avoid extreme heat and cold of the 
desert. During the winter they venture out of their burrows late in the 
morning and remain outside throughout the day, whereas during 
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\%-ild mammals, most species of i\bich litter during and after ramy 
season (Prakash, 1960). 


y — Population Characteristics 


Detailed studies on populations have been made only on two 
species of rodents of Rajasthan desert. Prakash and Kametkar (1967) 
found a prepondercnce of males in northern palm squirrel, Funamhulns 
pnnenti, in the years 1963 and 1964 (2.22 male : 1 female). Aganval 


(1965, 1967) also obserscd 57 per cent males in 88 squirreb. The male 
to female ratio of new bom was 1.1:1, and among subadtilts 1.83:1 
(Purohit el al., 1966). A comparison of these ratios with the adult ratios 
indicate that female squirrels have a higher mortality rate as compared 
to male squirrels. During the capture recapture study it was revealed 
that during 1963 the aduU>subaduIt ratio of F. pennanti was 8.7:1 but it 
decreased to 1.2:1 among males and 2:1 among females during 1964, 
svhich may indicate that the older animals either perished in the study 
area at Jodhpur or migrated out due to beat stress (Prakash andKamct- 
kar, 1969). These authors also found a gradual decrease in the number 
of squirrels, which was estimated by the Lincoln Index, from April to 
December 1963, with a minor increase in Augxist. Their numbers 
remained very low during winter. The number of squirrels trapped 
varied between months and between years and the percent squirrels 
recaptured also significantly varied between years (79.1% in 1963 
and 44.4% in 1964). The persistence of marked squirrels stepped 
down rapidly till eighth month from the month of first capture but after 
this it decreased gradually. The body weight of freshly captured 
squirrels is discussed in detail. 


Prakash (1964a) has discussed the sex ratios of M. htirrianae and 
found that they fluctuate considerably. During 1954-56 the proportion 
of male and female was almost equal (49.2 % females) in the population 
but during 1963-64 it was 63.7% females. However, Agarwal (1965, 
1967) found in his collection or89 examples (August-January) from 
Rajasthan 66 % male desert gcrbils. 

T^e relative numbers of desert gerbils in three bio-climatic zones 
of Rajasthan desert were studied in all the seasons by burrow 
closing opening method (Prakash et al., 1971). The average 
annual number varied from 31 to 458 per 90 x 90m experimental plou- 
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(1967) mentioned that the bouse crow can also tackle the merion 
gerbils. Although, in the desert the number of rodent predators is 
significantly high inasmuch as that Prakash (1964) had recognised 
‘rodents and hare* as a food centre in. the desert, yet we find consider- 
able built up of rodent populations which may suggest that the preda- 
tor-prey balance is in favour of rodents. This may be probably due to 
the efficient predator detection by the rodents, Fitzwatcr and Prakasb 
(1969) observed that due to their hypertrophized tympanic bullae 
(Prakash, 1959c), desert gerbils are able to distinguish between the noises 
of wingbeats of harmless and predatory birds, thus escaping from the 
latter. This may further be confirmed that rodents arc really hard to 
catch when we find stomachs of carnivores full of berries of Z^zjphus 
namiTia/afia (Prakash, 1959a). 

IX— Rodents and Diseases 

No work has been done in Rajastban on the epidemeological 
aspect of rodents but the role of Tcttra tndica in maintaining and 
spreading the plague is worthy of mention. Baltazard and fiahmanyar 
(1960) obtained results in Uttar Pradesh to show that the spread of 
infection of plague in rural areas is caused by field rodents, among 
which epizootic outbreaks flare up, spreading from burrow to burrow 
and infccung the village rats, Raitus roltus. The persistence of rural 
plague is due to the relatively high resistance to the disease of the Indian 
gerbil, Tatera indica. These authors maintain that the principal role 
played by Rattus is to act on 'liasion rodent’ betv^een field rodents and 
man. In Rajasthan also Tatera is found near human habitations and 
mix with the domestic rats, thus enhancing the chances of spread of 
plague. Thb aspect of the study should be taken up for future work by 
the biologists of Rajasthan. 

X — ZOOCEOCRAPHY 

The zoogeography and the evolution of the mammalian fauna has 
been discussed in dciail by Prakash (1963aV The various species of 
rodents inhabiting the Rajasthan desert arc 41.7 percent oriental 
(F. pennanti, R. rattm, R. niUada, M.loodaga and G.ellioti), 41.7 percent 
palaeotropical (//. ir.diea, G. dosjurus, T. indica, -If. hurriar.ae and .If. 
tr-tuailus) and 16.6.% endemic (G. gleadsxt, R. gUadaxi) in affioitics. 



346 : Natural Resources of Rajaotiak 


summer they restrict their outside activity to early mornings and late 
evenings (Prakash, 1962) thus avoiding the heat of the day. 

Fossorial hahil : Most of the &cld rodents are fossorial in habit, 
except the squirrel and bush rat. Studies on the burrows of M, humanae 
(Wagle, 1927; Petter, 1961; Ganguli and Kaul, 1962; Agarwal, 1965, 
Fitzwatcr and Prakash, 1969) have revealed that they are of extensive 
nature. The extensive burrows provide the desert gerbils a temperature 
which shows maximum variation of only 1.5®C in any season (Prakash 
et al., 1965). The burrows remain 13.4®C to 17.7“ C cooler than 
outside environment during various seasons. The burrows also 
assist the incumbent in the maintenance of the homoestasis. It has 
been observed that At. hunianae, the diurnal gerbil, docs not remain 
out of the burrow for a long stretch of time and frequently visits the 
burrows. When it develops some hyperthermia by continuous exposure 
in outer hotter environment, the desert gerbil intermittently unloads 
the excess body heat to the cooler surroundings of the burrow (Fitz* 
water and Prakash, 1969). On the other hand the burrows of nocturnal 
gerbils, Talira indiea (Prakash. 1962) and Ctrhillus gUadowi (Prakash 
and Purohit, 1967), are of a simple pattern as they need not maintain 
a low temperature as these gerbils do not have to unload the heat, like 
AI. hurrianae, since they are nocturnal. 

Aiocturnal habit ; Except At. hurrianae and F. pennantt all other 
rodents of Rajasthan desert are nocturnal. The percentage of noctur- 
nal animals in deserts is usally higher (Bodenheimer, 1957). Nocturnal 
habit saves these rodents from the problem of exposure to hot tempera- 
tures of the day. This habit is also advantageous since it reduces the 
pressure of competition from diurnal rodents and predators. 

Feeding behaviour : The gerbils have been observed to change their 
dietary in various seasons (Prakash. 1962). During summer they feed 
on rhizomes of grasses and insects which have a higher water 
content as compared to air dried stems or seeds. This change in 
ceding behaviour is an adaptation to meet their water requirement 
during summer, although the desert gerbil is capable of sustaining for 
considerable time without water (Ghosh tt al., 1962, 1964). 

VIII — Predators 

Snakes, raptorial birds and carnivorous mammals arc the chief 
predators of the rodent,. Their list appears in Prakash (1962). Fiuwater 
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This analysis indicates that when aridity started establishing itself 
in the present Indian desert, the original fauna which could not adjust 
to the new environment either perished or migrated and it was invaded 
by rodents both from the west (desert forms) and from cast, and now an 
admixture of palaeotropical and oriental fauna is found in this desert. 
The endemic rodents are few in number but as it takes much more time 
for the evolution of a species than the estimated age of the Indian desert 
(4000 to lOOOO years, Krishnan, 1952 and VVadia 1960), it may appear 
that the desert is actually much older. 


XI — Summary 


Twelve species 'of rodents have been reported from the Rajasthan 
desert. Most of them inhabit the sandy plains, whereas a few inhabit 
rocky and ruderal habitat. The desert gerbils arc associated with 
certain plant communities. The stomach contents of gerbils showed 
that about half their diet, all the year round, is made up of vegetative 
parts of plants, supplemented by seeds (postmonsoon and winter) and 
insects (spring and summer for Tatera and summer for i\f<rte»«r). The 
latter species prefers grasses as food which also constitute the main 
fodder resource for the livestock in this region. The litter-sizc of 
rodents varies from 1 to 9. During the year, the largest number of 
species litter during June, which is the hottest month and with longest 
days. This indicates that the day-length may be one of the factors 
which influences the breeding period in rodents of this desert. 

Among squirrels, males are twice as numerous as females. The 
sex ratio of desert gerbils change from year to year. 

The average annual number of desert gerbils varied from 31 to 
458 per 90x90 m experimental plots in the three bioclimatic regions of 
the desert. The numbers of mcrion gerbils were found to be related to 
soil characteristics, the population being less in clayey and compact 
soils. An inverse relationship between grass cover and population 
density was also observed. 


The home ranges of three species of rodents are discussed. 

The rodents are bchaviourally adapted to desert condition, hy 
shifting the timings of their diurnal activity. Fossorial habit is a's® 
advantageous to them since burrows are cooler than the outside 


environment. 
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SOME GRASSHOPPERS AND LOCUSTS 
OF RAJASTHAN 


By 

M.V. Veskatesh 

Loaiil Enlomologist, Directorate of Plant Protection, 
Quarantine and Storage, Xew Delhi 


I — Introduction 

Rajasthan agriculture h subject to the depredations of several 
locusts and grasshoppers of which a few have gained notoriety. The 
following note outlines some salient features of those which either cause 
heavy loss to crops or are encountered in marked numbers in the field. 

The locusts found in Rajasthan are the Desert Locust, the 
Migratory Locust, the Bombay Locust and the Tree Locust. The 
grasshoppers commonly found are the Senegalese Grasshopper, the 
Surface Grasshopper, the Pkadka Grasshopper, the Ak Grasshopper, the 
Buzzing Grasshopper and the Green Tobacco Grasshopper. 

II— Locusts 

J. The Desert Locust, Schistocerca gregaria (Forsk.) 

This old enemy poses a constant threat to agriculture over 30 
million sq km in 60 countries of the world, from west Africa to India. 
Its massive attacks come in cycles. During the 1926*31 cycle the loss 
estimated to crops in India due to this pest svas Rs lOO million (Fnithi. 
1950} and in 19-t9'53, 20 millions (Kohli, 1963). Over the last 100 years 
we have had six cycles, their duration varying from 5 to 7 je.srs. The 
last cycle occured between 1959-1963, and a new one appean to be 
starting in 1963. 

It is a voracious feeder and eats its own weight of food daily. Its 
swarms can be as large as 400 sq miles, a normal swarm being 40 iq 
miles. An adult locust weighs e 2.5 gmi and a sq miic swarm requires 
more than 300 tons of food daily as the number of individuals in it 
would be about 100-200 million. 
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Dr. S. Johnson : What do you think are the prospects of devising a successful method 
of biological eoturol of rodents ? 

Dr. I Pralash i We do not know the rodents well enough to introduce biological 
control at this stage 

Dr H S Nama t Merxona chaoges its eating habit. Does it depend upon the things 
available at the pariicuiar lime ’ 

i/r**!**'' '■ of habit is dependent mainly on the availability of food. 

Dr. ML Gupta How do you locate active burrows ? 

Dr. I, Prikash : Pugmarks indicate live and active burrows, The mouths of inactive 
^rrows are plugged by spider web, and ibey remain plugged. In order to find out if 
****s*’ plusfed at night or in the evening, and in the morning they are 

burrow^ ° of them had been opened during the night to determine the active 
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about 6 months. In India, the swarms come from the west in April- 
August and breeding occurs during July-November. Sometimes spring 
breeding may occur as in the Punjab (1945, 1951 and 1956). The 
swarms then move away to the west with the easterly south-easterly 
winds from October-November onwards. 

Control : The following arc the principal methods : (i) Eggs (in 
subsoil) : Long-lasting insecticides, e.g. dieldrin, aldrin, are sprayed over 
the egg-laid ground. When hatchlings reach the surface, the poisons 
act on them by contact and kill them, (ii) Hoppers and adults : Hopper 
bands are driven to previously dug trenches where they are hurried and 
killed rn ffuisrr. They are also killed by poison baits. Insecticides, e.g. 
benzene bexachloride, aldrin. dieldrin, malathion, parathion, are cither 
dusted or sprayed with the help of band-dusters, band-sprayers or 
petrol-operated machines against hopper hands (and adults). Large 
scale compaigns (against both hoppers and swarms of adults) employ 
aeroplanes which spray the insecticides over vast areas. Special spraying 
machinery, such as micronnaires, is employed in serial spraying; it 
disperses uniformally as little as ao ounce of poison per acre and the 
aeroplane can cover an area as ISOsqkms in a day. In the 1962 
campaign in India 4590 tons of BHC 10% dust and 18,200 litres dieldrin 
were used in Rajasthan by the Locust Warning Organisation. 

The work of Desert Locust control in the 'scheduled desert areas’ 
of India is being done by the Locust Warning and Control Organisation 
of the Central Government with its field Headquarters at Jodhpur and 
with the collaboration of the State Governments of Rajasthan, Gujarat, 
Punjab and Haryana. This organisation, which employs about 350 
people on regular basis, maintains 30-55 Locust Outposts which 
regularly survey the whole scheduled area to assess the rise and fall of 
locust populations and take up suitable control measures when the 
situation warrants. There arc more than 200 power machine units, 
10,000 hand-dusting units and 200 vehicles, and adequate staff and 
insecticides are kept ready for combat. In limes of necessity a couple 
of Beaver Aircraft also reach the trouble spot for aerial reconnaissance 
or spraying. Field research problems on Locust ecology, behaviour 
and control arc investigated at the Field Station for Investigations on 
Locusts situated at Bikaner. 
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It exists in two phases, the differences between which are given 
below : — 


Ph. grtgeria 

Pronotum wide, medun carina bardly percepti- 
ble m ihe anterior part, posterior angle broadly 

Hoppers yellow or orange, with heavy dark or 
yellow pattern 

Adults with EiF ratios above 2 15 (E, Elytra, 
F, Femur) 

Mean number of the eggs pet pod 80 
(&0 common) 

Adults short-lived 
Development ofhopper tjuick 
Hoppers mareh in bands 
Travel as much as 12 km a day 
Adults do not fly by night normally 


Ph, solitaria 

Pronotum narrower, median carina 

distinct in the anterior part, posterior 

angle slightly rounded 

Green entirely, with a few dark 

markings 

E/F 2 05 

93 (120 common) 

Long-lived 

Slow 

No bands 

A few metres a day 
Also fly by night 


Lift-hislorji : Eggs arc laid in moist sandy soil, 8'15 ems, deep* 
The number of eggs may vary from 17 to 157 (average 80). An average 
female lays 3 times at intervals of a week, i.e. about 250 eggs are laid- 
In summer the eggs hatch within 2 weeks and in winter in 3-4 weeks. 
The young hoppers that emerge out shed their skin once every 8*7 days 
as they grow and they undergo 5 such moults after which they are 
adults. The hopper period in summer lasts about 4 weeks; in winter it 
is prolonged, depending on the air temperature. A pair of locust if 
given favourable conditions for breeding can produce as many as 
480.000.000 individuals as its direct-line offsprings in a year of 4 
generations. However, various adverse climatic factors, natural enernies 
inherent disabilities, etc., check its development at every stage. An 
adult locust lives for about 2 months on an average during summer and 
about 5 months in winter. 

Breeding and migration : There are two regions of seasonal 
reeding . (j) Spring breeding region : Breeding takes place in the 
first half of the year, as in north-west Africa, west Pakistan and south- 
east Africa, where there are winter or spring rains, (ii) Summer 
reeding region : Breeding occurs in the second half of the year, as in 
Senegal. w„tern Africa to the Sudan, Ethiopia, southern Arabia, 
a istan and India, where summerrains are received. 

Young swarms developed in one breeding region migrate down 
wind to the other. Thus, each region gets cleared of the swarms fo*’ 
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3. The Bombay Loeust, Patanga succiacta L. 

The Bombay Locust inBicts a great deal of damage to vegetations 
and crops. It has a wide geographical distribution, having been 
recorded from India, Ccylone, Indonesia, Malaya and Thailand. 

In India its plagues were recorded in 1835-45, 1864-66, 1878-84, 
1901-08, 1960-62 and 1967, resulting in heavy damage to crops (Lefroy 
1906, Rao, 1941; Harish Chandra and Venkatesh, 1967). Scattered 
individuals were observed between 1933-38. Again in 1956, they 
appeared in some pockets in the Barmer District (Rajasthan) and were 
observed in these areas upto 1962 (a maximum population of 15,197 
per sq km was recorded in 1960). During the monsoon of 1960, some 
concentrated breeding occurred in the Khandwa District (Madhya 
Pradesh), necessitating control operations. From January 1966 onwards 
adults have again been occassionally found in the desert areas of 
Rajasthan. Concentrated breeding have occurred in the Agathi Island 
(Laccadives) since 1960, where insecticidal control measures were 
adopted (Mcnon, 1967). 

Seasonal migration : Swarms get concentrated in the forests of 
the Western Ghats in the region of Belgaum, Goa and Kanara from 
November to February, when they undertake only short local flights. 
In March, they move southward to Mysore, Hyderabad, Madras and 
sometime even to Bihar and Bengal. Some also fly north-east to north 
Maharashtra and Gujarat. In May, scattered individuals return to the 
Ghat forests and lay eggs in open grasslands on the commencement of 
rains in June-July. Hoppers emerge in July-August and fledge in 
September-October. 

Life-kisiory : Unlike the other two locusts, there is a diapause in 
the adult stage. According to laboratory studies at Bikaner, egg-laying 
occurs in June. Egg-pods are laid in moist clayey soil. The maximum 
number of egg-pods laid by a female is four, and in all 606 eggs are 
laid. Normally the number of eggs per pod is 21-204. The incubation 
period is 30-40 days (average 33 days) at a temperature (at 10 cm depth) 
of 25.5-35'’C. 

In most cases hoppers pass through 7 instars, but sometimes 8 or 
9, and in a few cases 6 instars, only. The larval period is shorter in 
the case of hoppers reared crowded than in those reared singly, the 
average minimum and the average maximum being 42 and 111 days 
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2. Tht Migratory Locust, Locusta migratoria L. 


The Migratory Locust is also met with in two phases whose 
differentiating characters are given below : 

Ph. gregaria : Pronotum saddle-shaped; median carina in profile 
staight or slightly concave; anterior margin rounded; posterior margin 
abtuse. Hind-femora shorter in relation to tegmina. Hind-tibia 
yellowish. 

Ph, solUoria : Pronotum without constriction; median canna 
roof-shaped; anterior margin angular; posterior margin rightangled. 
Hind-femora longer than half the tegmina. Hind-tibia usually red. 

Swarms were observed in 1878 in Madras (Cotes, 1891; Rao, 1948) 
and Bangalore in 1954 (Rao, 1954). In 1937, concentrated breeding 
occurred in Rajasthan and Gujarat. Between 1938 and 1956 isolated 
locusts were observed in Rajasthan. In 1956, concentrated breeding on 
a small scale took place at a few places in Rajasthan and in the 
adjoining parts of Gujarat. Again, in 1959 there was concentrated 
breeding in Gujarat and Rajasthan (Barmcr District) resulting in a 
large population. Scattered individuals were observed In the above 
States thereafter. 


The species is found in Europe, Africa (south of Sahara), Pakistan, 
India, East Asia, Australia and Newzealand. 

Life-history : Laboratory breeding was done at Bikaner. Eggs 
were laid in pods with 24-110 eggs each. The incubation period lasted 
17.5-23.7 days at soil moisture ranging from 8 to 16%. At an average 
room temperature of 32.9'’C the larval period was 40 days, and at 
26.9°C 59 days. In isolated adults, the precopulation period was 30 
days, and in crowded ones 20 days. Adults are of two colours, green or 
brown, depending on high or low relative humidity under which they 
were bred. 


Seasonal migralto/t : It breeds during spring in Baluchistan and 
the resultant adults migrate into Rajasthan and Gujarat as individuals 
and further multiply there during summer. 


Control : Except for the sporadic concentrated breeding mentione 

above, there has been no outbreaks of this locust in recent years and no 
large scale campaigns have been conducted in India. However, all the 
control measures adopted for the Desert Locust hold good for this 
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Control Dusting with 10% BHC (at 10-15 kg/acre) or drift 
spraying with dieldrin (at 2-4 oz/acre) has been found very efficacious. 

2. The Rice CrasshoppeTf Heiroglyphus banian 

Together with H. nigrortplelus, it is a serious pest of the Kkarif 
crops in Rajasthan (Pruthi, 1949), causing a damage of about six 
million rupees. 

3. The Phadka Grasshopper, Hieroglyphus nigrorcplelus 

Life-history : Eggs are laid in September and October, in clusters 
along the sides of bunds and mounds at a depth of 2-5 inches, usually 
inbetween the roots of various shrubs. A female on an average lays 4 
egg-pods each with 20-30 eggs, (the minimum and maximum being 3 
and 6 respectively). The pods are earth-coloured, oblong (1.78-0.94 
cm). The eggs are not arranged in a particular order with pod, but 
the pod is completely filled with eggs. The average length and breadth 
of an egg is 5.5 and 1 mm, respectively. Hatching of eggs is governed by 
moisture, soil and season. The eggs in a pod can remain viable upto 
three years. In good rainfall areas, hatching takes place within 2-3 
weeks. At 20®C nymphs do not emerge. The maximum emergence 
takes place at 30*C, but the emergence is quicker at 40*G. Chilling of 
egg-pods is helpful in breaking the diapause of one year old egg-pods. 
The total nymphal period is 71 days at 26-35®C. As they grow, the 
hoppers undergo 6-8 moults. There Is only one generation in a year. 

The insect occurs in two forms : a short-winged or micropterous 
form which is unable to fly, and the normal-winged or macropterous 
form. 

Control : BHC and chlordane dusts applied on the surface of the 
soil in which the egg-pods arc laid are effective in killing the nymphs 
hatched (Pradhan and Peswani, 1961); 10% BHC or 10% chlordane 
(cf. 10 kg/acre) have given very good results. 

4. The Surface Grasshoppers, Chrotogonus spp. 

These are common in summer, attacking seedlings of cotton 
(Sohi, 1964), sugarcane, maize, wheat, hajri and other crops in Punjab 
and Rajasthan. Often the attack is so heavy that crops have to be 
resown (Cotes, 1894; Lefroy, 1906). They are abundant during monsoon 
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respectively; in an abnormal case it was 195 da^-s. Hoppers do not 
form bands inspite of their occurring in sufficiently large numbers in a 
locality. 

Centre/ : The same insecticides as used for Desert Locust are 
suitable for this species. In operations in the Laccadives in 1967, 
dusting with BHC 101 dust (applied at 15 kg per acre), and spraying 
with deildrin W.P. and endrin E.C. (applied at 0.25% and 0.03% 
concentration at 60-80 gallons per acre) gave an overall mortality of 
60-90 per cent. 

4. Tht Trte Locust, Anacridium rubrisplnum Beji-Bicnko 

Though named a “locust*’, this large species does not occur in 
large c^o^^ds. It is common in Rajasthan (Venkatesh and Bhatia, 
1966). Little is known about it. No reports of its doing any serious 
damage to crops are on record. 

in — G rasshoppers 

1. OedaUus stntgdtnsis Krauss (Rbar tiddi, Rajasthan) 

It has suddenly attained status of a pest during the last few years. 
Its swarming was 6rst noticed in Rajasthan in 1962 (Bhatia and 
Ahluwalia, 1962), though it is known as a pest in several countries of 
sia and Africa. In Rajasthan, it causes serious losses to bajri crop year 
since 1962, and campaigns have to be organised in several 
tricts. The species is geophilus and mainly graminivorous and causes 
severe damage to PaMisctum, millet and young cotton (Joyce. 1952). 

Th . Eggs arc laid in light soils at a depth of 4-5 cm. 

ey undergo a long diapause of se\'eral months which is broken by 
‘ of the rains. The average nymphal period is 24 days for the 

band form concentrated patches rather than long 

^ , f’ ^ adults move in close aggregation and fly with the wind at 
Triitdus °tctres. They mainly eat young bajri and sometimes 

n iim b^ 'Qteresting aspect of the pest is that when it occurs in good 
that m ' *^duce gregariousncss to the soUtarious Desert Locust 

ay be foxmd in its association (Sint'h and Bhatia, 1965). This 
leatime has necessitated die adoption of control measures against 
Ocdalrus at par with the Desert Locust. 
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7. Atrattomorpka crtnulala Fab. 

It is widely distributed and attacks tobacco, millets, paddy, brinjal, 
amaranthus, arrowroot, cabbage, cauliflower, cotton, sugarcane, wheat, 
opium and castor (Agrawal, 1955). 

Life-history : Females lay 20-30 eggs each 1-5 days after mating. 
They arc laid 3-4 inches deep in soil and are covered up by a frothy 
secretion. The egg-laying period is from February to November. The 
total number of eggs laid varies from 64-136, and each female may lay 
3 to 6 egg pods; oviposition may last 11-17 days. Eggs are rice-shaped 
and 4 mm long. The incubation period is 15-66 days, depending upon 
soil temperature. 

Nymphs undergo 5 moults. The first instar is 0.2 cm long, the 
5th 1.7 cm. The duration of the nymphal stage may vary from 31 to 69 
days, depending on the temperature. The adult female lives 30-68 days, 
the male 26-36 days. The insect shows colour dimorphism— oneform 
being green, the other grey, in both sexes. 

8. Acrida exaltata Walk. 

This is often found in the fields in Rajasthan, but there is no 
record of any serious damage caused by it. 

9. Other Grasshoppers 

Other grasshoppers noticed occasionally in the desert areas of 
Rajasthan are : Trusalis sp., Cyrtocaitlkarris talariea, Hateracris spp., 
Catantops sp. and Oxya sp. 

IV — Acknowledgement 

I am indebted to Dr. Sardar Singh, Plant Protection Adviser to 
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V — Summary 

Some of the grasshoppers and locusts commonly occurring in great 
numbers or causing damage to crops in Rajasthan are described. Notes 
on their distribution, salient features of their life-history, bionomics and 
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and the population dwindles in winter. In Rajasthan during 1967 
areas of Pali and Ajmer districts wrere infested, necessitating control 
measures. 

Life-history : Eggs arc laid in clusters in soil at depth of 3-6 mm 
and hatch in 15 days in summer and 150 days in winter. The pre* 
oviposition period may be as long as 80 days during winter (4 days m 
summer). During spring, the average incubation period is 49 days in 
the laboratory at Bikaner and varies from 18-51 days. The nymphs 
have 5-7 instars. The optimum conditions of temperature and humidity 
appear to be : 25-30®C and 70% relative humidity. The number of 
generations varies from 2-6 in a year, depending on climate. 

Control : BaHing ; 0.3% BHC or 0.1% aldrin gave good results. 
Dusting The main method of control is by BHC 10% dusting 
(at 10 kg/acre), and is most effective. Chlordane 10% or aldrin 1% 
dust (at 10 kg/acre) has also been successfully used. 

5, The Ak Grasshopper, Pockilocerus pictus 

This is a colourful grasshopper which eats one of the most 
distasteful plant ‘ak’ (Cdotropts spp.) 

Lift-history ; About 180 eggs arc laid by a female in the soil in 
early May, Emergence takes place in early September and the incuba- 
tion period is about 3 months under semi-natural condition. There are 
€ hopper stages; the larval period is 2-8 months. Moulting is delayed 
during winter and no moulting has been observed during January- 
February. Oviposition beings 20-26 days after the final moult. There 
IS only one generation in a year. 

Control : In the absence of its original food plant {Calotropis sp.) m 
Delhi, damaged crops included brinjal, tomato, castor, etc.; it is also a 
minor pest on fig in South India. The insect has never reached 
alarming numbers. However, experimental trials with 8 oz of sodium 
arsenate per 100 gallons water spray have given a good kill. 

6. Sphingonotus sp. 

This is another commonly met with grasshopper in the gravel 
waste-lands of Rajasthan. It makes a buzzing noise during fl'gl’** 
Details of its biology and binomics, etc. are lacking. 
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I — Introduction 

After the 1962-63 locust plague there was a comparative lull in 
locust swarming situation in the Far Eastern Region of the Desert 
Locust belt comprising Iras, Pahistan, Afgaslstan and India, and from 
February to May 1968, the Rajasthandesert was reported to be practically 
free of the locust. However, in the second fortnight of June and early 
July of 1968 a sudden and marked rise in population was reported simul- 
taneously from several localities in Rajasthan and Gujrat, which created 
a stir, expressing fears that the recession in the locust cycle has ended 
and a new swarming cycle was building. 

The present study was undertaken to assess the true nature of the 
swarming on the basis of the now well-known, Roonwal’s three hypo- 
theses (1945). Subsequent to undertaking the present study, several 
swarms appeared in Pakistan and India in the middle of July and early 
August, confirming that a new locust swarming cycle had begun. 

II — Data 

A random collection of 223 specimens of the locust was made 
around Jodhpur from thin populations (less than 400 per sq km) of initial 
migrants. The origin of these swarming populations could bt traced 
to southern Iran and Kulancb s’alley of Mekran in Baluchistan, 
where large concentrations of the adults and hoppers were reported 
from late February to June 1968, causing gregarisation on a vast scale. 
Many of these specimens carried red mites on their body, indicating 
their origin from places where rains had fallen. 
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control are furnished. A few grasshoppers that have not assumed any 
economic signiBcance are also mentioned. 
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Another criterion for sensing the danger of impending phase 
change is by watching out the sex-ratios in the 6- and 7-eyc-striped 
field populations of the soliteria phate, keeping an eye on the changes 
they undergo as the phase starts to swing. The typical situation in the 
soUlaria phase is the numerical superiority of the males among the six- 
eye-striped population and the othenvay about in the seven-eye-striped 
population. Roonwal’s Second Hypothesis predicts danger if the 
numerical male superiority among the 6-eye-striped population starts 
falling below 60%, tending towards parity of the sexes, which is the 
phase gregaria norm. Applying the criteria of sex-ratios on the random 
samples collected during the summer of 1968 we find from Table 1 that 
the males predominate (65.8%^S.E. 3.4) in the 6-eye-stripcd population 
and females {75.8%*S.E. 7.5) predominate in the 7-e>e-striped popula- 
tion. Considering the S.E. of 3.4%, the preponderance of the males in the 
6-eye-striped population is only slightly above the danger mark of 60%, 
i.e. still within the solilaria phase range. Compared with similar pro- 
portion of males in the 1949 sample collected from Kakoo (Bikaner) by 
the author (Misra, 1952). which, like the present case, also formed the 
initial year of a new swarming cycle, the numerical superiority of the 
males in the 1949 population (54.0*3) had fallen well below the danger 
mark and was very close to parity, considering the S.E. of 3%. 

Thus, sshile, according to the First Hypothesis of Roonwal, 
the locust sample of the summer of 1968 has actually crossed the 
danger mark (6-eye-striped population 85.2%*2.40) of 80%, according 
to the Second Hypothesis, the sample is still within the solitaria range, 
although close to the danger mark. Sex-ratio changes are rather abrupt 
and, therefore, are not as sensitive guides as the proportions of 6-eye- 
striped individuals a$ a whole (Nair, 1952). 

Roonwal’s Third Hypothesis has no real practical value in 
predicting a change from phase solitaria to the phase gregaria because it 
is only a combination of the first two hypotheses. Thus, while the 
First Hypothesis deals with the eye-stripe composition for the two se.xcs 
combined, showing a tendency for all locust individuals to have 6-eye- 
stripcs. the Second Hypothesis takes into account the sex-rdtios tending 
to reach a parity of the two sexes, the Third Hypothesis relics on the 
proportions of males : females of the 6-eye-striped variety out of the 
total number of males and females of both the eye-striped varieties com- 
bined. The danger mark, according to the Third Hypothesis, is reached 
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A study was made of the eyc-stripc composition, the sex ratios and 
the distribution of the six and seven eye-stripped individuals among the 
total males and females, which are the bases of Roonwal’s three 
hypotheses forecasting the danger of phase transformation in the field. 

Ill — Discussion 

Analysing the sample on the basis of the eye-stripes, it will be 
seen from Table 1, that the six-eye-stripcd individuals ( 85 . 2 %='=S.E. 

2.40) dominated numerically over the 7-eye-stripcd ones ( 14 . 8 % ±S.E. 

2.40) , crossing the danger mark of 80% by a narrow margin. 

Table I.Stx-riilm and proportion oj 6- and y^eyestriped Desert Locust indi- 
viduals in the early migrants around Jodhpur during the late 


June and early July 1968 


E>e-iinpe 

eatejnrv 

S«|.dmributipn and Percentage 

Percentage amnng eye-stripe 
eatrgary ± S E. 


Males 

Females 

Toial 


6. striped 

125 

(65 Z%±^ 4) 

64 

(34 2%*3.4) 

189 

e5.2±2.40 

7-stiIped 

8 

i24 2»o±7 5j 

25 

(75 8%±7 5) 

33 

14 812.40 

Totil 

1 3d 

89 

222 



Abtrnulim ^ Standard Eiror . J/n ■« xU-x/n) .where 100 n is population and*, 
a sample from (hat population. 


For the sake of making some sort of a quantitative estimate of the 
resent locust situation, it will be interesting to compare the present 
gures with those obtained from the collections made by the author at 
0 ikaner) in July I 949 , which had actually initiated a new swar- 
^11949, the six-eye-stripcd individuals were 94.0% 
• •=!= .4 and the scvcn-eye-stripcd ones were only 5.6% S.E.±1.4. 
s owing that the six-eye-striped individuals in that year were already 
g to be cent per cent in number. According to Roonwal’s First 
yp esis, based on the preponderance of six-eye-striped individuals 
I ^ per cent in number in the midst of a swarming 

yc e, t e anger of phase transformation in the present year is only 
margina and much less quantitatively than it was in the year 1949. 
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IV — SUIUIARV 

From what seemed the end of the recession period of the Desert 
Locust {Sckisloeerca gregaria Forskal), in the late June and early July 
of 1968, 223 specimens of the locusts were collected around Jodhpur 
from thin population (less than 400 per km) of initial migrants, perhaps 
forming the first year of a new cyxle. 

Study was made of the cyc-stripe composition, the sex ratios and 
the distribution of the two eye-striped individuals amongst the total 
males and females, which are the bases of the Hoonwal’s three 
hypotheses (1945) for warning the danger of phase transformation 
in the field. 

Regarding sex-ratios, the males predominated (65.8%±S.E. 3.4) 
in the 6-cyc-striped population and the females (75.8% *5.E. 7.5) in the 
7-eye-striped one. Considering the S.E. of 3.4%, the preponderance of 
the males in the 6-eye-striped population is only slightly above the 
danger mark of 60%. 

Of the total number of 133 males and 89 females, the 6-eye-$triped 
males form 93.98%*S.E. 2.6 and the females 72.22%*S.E. 1.5 of the 
collection, the males crossing the danger mark of 90% by a narrow 
margin and the females staying within the safe margin of 78%. 

From all the three criteria, it is clear that the recession period has 
apparently come to a close and phase transformation to gregaria phase 
has begun in a weak manner during the summer of 1968. 
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when the 6 -cye-striped male : female ratio rises above 90 : 78, tending 
to be cent per cent. 

Table 2.— Pioportian oj malts or females of an eje-stripe calegory out of the 
total number of males or females colleeled irrespeclive of their eje-stripe considera- 
tion. The eollectienujas made of the Desert Locust early migrants around 
Jodhpur during ike late June and early July 1968 


Populations 
divided on 
the basis of 

No. and poicrDiagc of 6- and 
7-cyo-sinprd locuM 1 S E 

6-slriped 7-s(ripod 

Total no. of individuals 
of one sex 

Males 

125 

8 

133 


(93 98».±2 6> 

(6 02%±3.6) 


Feraales 

64 

25 

69 


(72 22Vl5» 

<27 78%±l SI 


Total 

180 

33 

222 


AiituiaUaru—S E , Siandatd Ctror ■ l/n < xd— */*j , whfte 100« ii populition 

* aaatnpU frets (hai pepulsiion. 


The data of the 1968 summer collection has been arranged in 

Table 2 which shows that the 6 -eye-stripcd males are 93.98%*S.£. 2.6 
out of the total of 133 males of the two varieties of eye-striped indivi- 
duals pooled together. The females are 72.22% *S.E. 1.5. While the 

percentage of 6 -eyc-striped males in this sample has crossed the danger 
mark of 90%, the females arc still within the sotilaria range. Here 
again lack of sensitivity is because of the sex-ratio changes being rather 
abrupt. Comparable figures for the 1949 collection made by the author 
(1952) are 6 -cye-siriped males 97.55% out of a total of 140 males of 6 -and 
7-eye-striped individuals collected and 90.55% females out of the total 
of 127 females. These show a tendency towards cent per cent males 
and females having 6 -cye-stripes. 

Biometry of the body parts of this sample is under study and 
will be published elsewhere. But from all the three embodied in 
Roonwal’s three hypotheses, it is dear that the recession period has 
apparently come to a close and the phase transformation to gregaria phase 
as begun in a much weaker manner than it had during the 1949-50 
(Misra, 1952), 
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Prof. S.D. Misra : It would mostly depend on rainfall. Tbe Desert Locust swarms more 
northward from east Africa to Egypt and Persia which have winter rainfall. Some swarms 
move north east to southern coast of Arabia and both these groups build up their numbers 
and move east to Afganistan, Baluchistan, Pakistan and western parts of India where 
monsoon rains occur. Tbe intensification of the phase change will depend upon whether 
conditions of rainfall present favourable conditions for (he locust to build up their popu* 
lation and the anti-locust organization in (be diflereet countries fail to maintain their 
channel of communications, giving prior information to the neighbouring countries about 
the swarm movements. The whole chain of events is closely watched and the information 
collected at Anti-Locust Centre in London it interpreted and passed on. In the past year the 
rainfall in tbe monsoon areas of wesiem parts has been very meagre and the anti-locust 
organisations have kept close contacu by a neuwotk of wireless stations. The chances for 
the Desert Locust developing into a plague teem rather dim, but it will depend on rains. 
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Discussion 


Dr. H S. Nama ■ Can the ensuing of cycle be forecait from eye-stripes on locusts bred 
in the laboratory ? 

Prof S D. Misra : The discovery of existence of two main types of eye-striped indivi- 
duals of the Desert Locust was made by a young locust entoniologist, Roonwal, in 1936. While 
he was working in Mekran (Baluchistan), he made very careful observations on the eye- 
stripes and sex ratios of phase salilana specimens collected by him and by others m the field 
during 1932-35, 1936 and 1937, which were the non-swanning periods of the Desert Locust. 
In 1945, he published his result m ihe BuH atl. Res London, correlating the changing com- 
position of eye-stripes andsex-ratios, on the basis of which a new swarming cycle could be 
predicted. 


Dr M L Gupta : \Vhat is the practical value of these hypotheses which involve 
counting ofeye-strip'S and noting of down of sexes? The field-men employed will not be able 
to see and note these rnorphological details easily. 

Prof 5 D. Misra No, this difficulty is imaginary. Eye-stripes can be seen and 
counted easily with a hand-lens. Distinguishiog the sexes is even easier. These are the 
only two things which have to be noted down and recorded on a label to be pinned with the 
ipeeimen A regular eolleeiion of the locust has to be made in the outbreak areas with all 
these data, which should form an essential part of the reports sent out. 

Dr H S. Naraa But my point remains unanswered. Would the data on eye stripes 
and sex.ratios from the laboratory-reared locust be able to forecast a new swarming cycle ? 

Prof SD Misra; Ob, no The laboratory conditions are different from those of 
the field In the laboratory we test the various factors, like temperature, humidity, food, 
effect of crowding and so on, one by ooe. Laboratory data must be correlated with observa- 
tions In the field. The practical use of Dr. Roonwal’s hypotheses is only for field-eolleeted 
random samples. 

Dr. S Khera i What exactly happens during transformation of phases ? Does one 
p ase le out or is it a cransformaiion of the same individuals or within the same generation ? 
rof S.D. hfisra Transformation occurs if hoppers are crowded or isolated. Prof 
aure, way back in 1932, detnonstraied this very convincingly in his laboratory rearing 
exoerirni-Tir. ,v,g University of Pretoria in South Africa. If young hoppers from a swarm 
red m cages singly, they would lose their characteristic pigment patches 
nd turn cut to be soluaiia phase adults in the same generation. In 
ion IS created from crowded or isolated egg-layings in the previous 


isolated and rc 


f ‘''® phases inlraspccilic varieties ? 

Prof. S D. Misra . hes. they are. 

n : Is there any physiological difference between the 6-st 


Dr, S, Johnsoi 
7-slriped individuals ^ 

as the ^ some. We find an mcrease of pigment and metabolic activity 

dec-arte '“‘o «bc grcgorsa phase. A lot of work has been done in the past 

decade on Physiological difTercee. and their significance, 
aooears oe ,V. ' a '’‘a ' information ab. 

Prof seven stripes die out in a population ? 


whether the seventh eye-siripi 


Prof. K.S. Kushwaha i V 
cycle, begun m this summer (19 
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THE LOCUST PROBLEM IN RAJASTHAN 


By 

K.R. Bhatia 

Deputy Locust Entomologist, Locust Sub-Station, Jodhpur 
Abstract 

The Desert Locust prefers arid and semi*arid regions, and the 
Rajasthan desert is well suited as one of its pertnanent homes. During 
recessions between plagues it lives as scattered individuals in the solitary 
phase. Under favourable rainfall conditions, there is a mass and 
crowded multiplication and the population is transformed into the 
gregarious phase, giving rise to incipient swarms. Periodic invasion 
of swarms and outbreaks of locust plagues have been regular features 
of the Rajasthan desert- There is a regular exchange of swarms between 
the winter and summer breeding areas. Even solitary populations 
migrate from one region to the other. 

Locust control is mainly a Government responsibility. For this 
purpose a permanent Central Locust Organization is maintained to keep 
watch over the desert areas for any locust developments and undertake 
control measures where necessary. Locust swarms have enormous 
powers of migration, hence presence of swarms in any one country in 
the desert locust bell is a threat to other countries though they may be 
thousands of miles away from the source of invasion. To ensure the 
success of anti-locust camp.itgns as a whole, international co-operation is 
essential. The Food and Agricultural Organization of the United 
Nations has played an important role in this direction. India has been 
actively participating in these efforts. 

With the development of powerful insecticides and advances in 
application techniques, ami-locust campaigns arc now much more 
effective. The conventional methods of locust control in Rajasthan by 
irenching, burning and beating base, to a large extent, been replaced 
by the chemical methods. 



374 : Natural Resources of Rajasthak 


recently by Roonwal and Bose (1964). Thus, we now have a reasonably 
adequate idea of the species occuring in the region and their distribution. 

Rajasthan has a land area of c. 342.274 sq. km. (132,077 sq. miles) 
and a population of c. 20 million. The diagonally running (SW-NE) 
Aravalli Range cuts the land in two unequal and climatically different 
halves. The large north-western portion, 4 , 5 ths of the area, forms 
a part of the Great Indian Desert, while the small south-eastern tract is 
rocky but well wooded due to adequate rainfall. This difference has an 
important bearing on the termite fauna. The dry half has a fauna with 
palacarciic and ethiopian aflinities, while the wet half has oriental 
affinities. 

Economically, termites cause enormous damage to crops, planta- 
tions, forest nurseries, fruit trees and wood-work in buildings, although 
precise figures are not available. The belief that dry areas may be 
comparatively free is not true. Numerous houses in Jodhpur and 
vicinity are infested, and the problem concerns not merely householders 
but also the Army and Air Force authorities whose buildings and 
ordnance stores get attacked. 

In October 1966, the Jodhpur University National Cadet Corps 
had a taste of termites in the Training Camp at Nagaur, about 130 km. 
north-cast of Jodhpur. The camp was held in the Cattle Fair Ground 
which is entirely sandy. On arrival the cadets sprinkled the ground 
with a little water to settle the sand and spread their beddings and slept 
soundly. Ne.xt day when they rolled up the beddings for the morning 
inspection, they found to their horror that hundreds of the beddings 
had been extensively eaten up by termites during the night, leaving 
S^ping holes in almost each one. Irrigating the ground with 
BHC (benzene hexachloridc) prevented further damage. The culprit 
species was OdontoUmts obtsus which was abundant in the soil and was 
attracted to the surface during the night in hundreds of thousands by 
moisture and food. 

Another example from an arid area is worth mentioning. Some 
years ago. as reported by Roonwal (1955). the town of Sri Hargobindpur 
( ur aspur District, Punjab) and nearby townships were virtually ruined 

ue to the constructional timber of houses being severely attacked by 

the termite HsUrotermts indicola. The town, founded about the year 
1662, was free from attack for nearly 280 years, but from 1940 onwards 
termite damage started occuring, and by 1952 the town was heavily 
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AnacanlbottTmes macrocephalus is the largest termite and has foraging 
habits. It lives in extensive underground galleries and forms small 
(e. 60-150 mm high and 100-150 mm in basal diameter), conical hills 
of loose granular earth above ground. The soldiers and workers come 
out daily in foraging parties and cut and take back grass leaves and 
seeds to their underground chambers. 

PsammoUrmts rajastkanicus (Text-fig. I) is confined to the arid 
western area, and the soldier is trimorphic, there being major, medium 
and minor forms varying in body-size, the build of the mandibles and 
in other respects. tjchps is of interest as the soldier form 

in the genus is extremely rare, and no soldier has hitherto been found 
in Rajasthan. 

Tlie species which cause the greatest amount of destruction to 
wood-work are JPtttrotermes indUola and Copiotames hfimi both of which 
thrive in dry wood, although (hey have ground connections as well. 
Odontetermts obesus is particularly active during the rains and attacks 
moist wood and other household articles of a cellulosic nature such as 
paper, books, clothes, windows, doors, stored timber, etc., as well as 
certain crops. The extensive damage it caused overnight to hundreds 
of beddings spread on the ground in a camp has been mentioned above. 
Species of Miereltrmti infest the roots of millets and other crops. 
Potentially, all species of termites are pests of crops and also a 
danger to all kinds of wood-work. 

The biology of none of the species is known, and we have here a 
virgin field for those who may wish to carry out research work which 
would be rewarding in more ways than one. The social habits of 
termites and their polymorphism (there are three major castes, viz. 
soldiers, workers and reproductives), behaviour, physiologj' (wood 
digestion, etc.) and, finally, their great economic importance, make this 
group of insects a worthy subject for close attention. Termites envolved 
their complex social structure in the mesozic times, millions of years 
before man appeared on earth. 

Ill — SUUUARY 

As a result of work done during the last few years, the termite 
fauna of Rajasthan, sxhich was practically unknown, is now known 
fairly adequately, and 19 spceicj and subspecies ha\c been found. They 
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17. MicTOtermes mycophagus (Desneuz) 

18. Trinervitermes bijormis (Wasmann) 

19. Trinervilermis htimi (Wasmann) 

Two of these species have formed the subject of detailed morpho- 
logical studies, namely, Anacanthotermes macroctphalus (Gupta, 1962a, b) 
and OdontotiTmts obisus (Kushwaha, 1960c, d). 
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belong to three families (Hodotermilidae, Rhinotermitidae and Termi- 
tidae) and the following 12 genera, each with a single species or sub- 
species except where otherwise mentioned : AnacanihoUrmes, Psammotermes, 
HelcrotermSi Copiotermes, Speculiiermes, AmUermes, Synhamitermes EremoUrmes 
(2), MicrociToterms (3), Odontotermes (3), Murotermes {2} nwiTrinerviUTmesil). 

Economically, termites cause extensive damage. Anacanthotermis 
macTOcipkalus is a harvesting termite and gathers grass. HeliTOiiTtnis 
indtcola and Coptotames kami are highly destructive to wood work in 
houses. OianlotiTmis obaui destroys cellulosic materials, e.g., paper, 
books, clothes, wood-work, etc., especially in the rainy season. The 
last mentioned and other species of Odontotermes, as well as species of 
hlieToUrmes, etc., attack millets and other crops. Sugarcane is also 
attacked by termites. Virtually nothing is known of the biology, 
behaviour, physiology, ecology and social habits of Rajasthan termites, 
and these insects would form a very profitable subject of research. 
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Discnssion 

Dr. S.D. hlisra : Where does the mouth open in A'asaiiierms ? 

Dr. hl.L. Roonwal : Only the from pan of the head is enlarged and the mouth is 
situated on the lower side at the bme of the enlargement 


Heads of soldiers of Rajasthan termites, in dorsal view, (Adapted 
from Roonwal & Bose.) 

(a) AnaeanlheUmet mactfctphalai (Drsn ). (b) Fianmaltmti Tajailhmieia R. & B., 
soldier minor, (c) HtUreUrmts inixcata (tVasm.). (d) Coptnemtt htimi (Wasm.). (e) AmU 
femrs {({/i(Desn.). (f) Sjnhanilmncs qiioiTittpi\Waant.). (g) Ertmatrrma moparadoxalis Aha. 
(b) Ertmotinrus paradaxalit Halmg. (i) AtiemrtBUmut tkampioKi raja R. S: B. (j) Mieroftra- 
tenrut Uttuifnaihus laxmi R. & B. Oc) OdonlaUmts MUtiaiifiuii gaplai R. & B. (1) Oieatt- 
ftmrs inmaras luiAicaAni R. & B. (m) O/eatorermraiem (Ramb], large soldier. (□) Ditto, 
smalt soldier, (o) MieraUmtt ahtii Holmg. (syn. mindi Holmg ) (p) .MieraUrmts vjctphaeut 
(Desn ). (q) TnntniUmut tl/armii (Waim.), soldier major. (r) Ditto, soldier minor, 

(i) Triaertiltmes htioii (3Vasm.), soldier major, (t) Ditto, soldier minor. 
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I — Iktroductioh 

Cotton is a major crop grown in Rajasthan (accrage of 278103 
hectares, production 167127 bales annually)*. The crop is attacked 
by a large number of insect pests which cause annual loss of 10-20 per 
cent. For evolving a successful insecticidal schedule it is essential to 
observe the sequence, time of appearance, intensity and duration of in- 
festation of the dilfereat pests at diflerent stages of crop-growth. 

II— Material and Methods 

Studies were carried out at the Agronomy Farm Udaipur, during 
1966-67. The cotton variety C-Indorc 1 was sown on July 16, 1966 in 
4 TOWS of plots 80 ft X 8 ft. The population count of the different 
pests was made at weekly intervals. The sampling was done in 
accordance with the recommendations of the Indian Central Cotton 
Committee. Five plants were selected at random from each row and 
3 leaves (6th, 7th and 8th from top) selected on these plants were used 
for actual counts of aphids {Aphis gossypii Glow), jassids [Empoasca 
dnastans Distant), thrips {Thrips tabaci Lind.) and white flies [Demisia 
tabaci Gcnn.). Other insect pests estcepl bollworms were counted as 
they appeared on these five plants. For bollworms, the method used 
by Pradhan and Menon (1945) was followed. All the sbeded buds, 
flowers and bolls from under the 5 plants were collected and examined 
for larv’ac. The bolls were cut into slices and after difTcrentiaiing the 
larvae into spotted bollworm {Earias spp.) and pink bollworm {Platydera 
goiiypitlla Saund.), their number was recorded separately. 

•Dat» for I%4-€S, from Rajitihsn Agriealmre Oi»ty, 1963. 
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No more seen from January’ onwards. High incidence might be probably 
due to slight late sowing as reported by Balsubraymanyam and Iyengar 
(1950). Further, high incidence may also be interpreted as due to high 
rainfall in September whence the population build-up started. This is 
in agreement tvith findings of Afzal and Ghani (1953) who correlated 
high incidence with high rainfall in Punjab. 

3. Thrips {Thrips tabaei Lind.) : Attack started from August last 
week (same recorded by Khan and Rao, i960, in Marathwara). No 
significant rise in population till September end, whence immediate 
build-up started and reached peak in October 3rd week. Pest continued 
in small numbers till December end after which it was no more seen. 

4. Cotton whitefly (Bmisia labaci Genn.) : First observed at 
September end. Build-up of population started soon onwards, reaching 
peak by October end. Pest no more seen on plants from December 
onwards. Low incidence might be due to slight late sowing of crop as 
reported by Husain and Treban (1933). 

5. Green semilooper (AnomisJIava Fab.) : Is a sporadic and minor 
pest. Observed quite early in season (August) when its population was 
maximum after which there was a decline. No more seen from October 
onwards. Thus it seems to remain active only during rainy season. 

6. Cotton leaf-roller {SjtUpia derogate Fabr.) : Is a sporadic pest 
(but reported as major pest from many parts of India). During current 
season observed only as minor pest. Incidence started at August end, 
thereafter there was no appreciable iocrease in population onwards. 
Almost became obscure by last week of October. 

7. Spotted bollworra {Earias spp.) ; First made their appearance 
in September second week, and soon increased in numbers, reaching at 
the peak in second week of November. Population seen at low ebb 
during December to February (same also observed by Nangpal, 1918). 
Decline in population by close of December (also reported by Khan 
and Rao, 1960). 

8. Pink bollworm {Plalpedra gossjpieUa Saund.) : First observed 
infesting crop in October. Population low in first week but soon 
started rising, reaching peak in December last week, but never reached 
very high. 

9. Red cotton bugs IDjsJeToa cingatatus Fabr.) : First made their 
appearance in September 3rd week. Population soon started rising. 



Ten.fig, I— Seasonal incidence of insect pesis of cotton il Udaipur during 1966-67. 

HI — Results and Discussion 

1. Aphids Glov.) : First appears on crop in August. 

Maintained its population almost throughout growing season till harvest 
in February. Number less during August, September, December and 
February than in rest of the period. Maximum population recorded in 
last week of October. 

2- Jassids (Empoasca deiastansTiKi^ni^ : Also made their appearance 
on crop along with aphids at August end. Population started increasing 
onwards, finally reaching peak in October 2nd week, thereafter declining. 


Sankiiala and Sharua : Seasonal Incidence : 385 
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reaching peak during mid-Dcccmbcr and then declining. Pest observed 
on crop till harvest, though in small numbers. 

10. Dusky cotton hugs (Oxjtaramus iaelus Kithy) : Showed quite 
high incidence. First observed infesting crop in October 2nd week and 
immediately there was a rapid build up of population, reaching peak 
in December after which there was a sharp fall though the incidence 
continued till harvest. 

In general, the incidence of aphids, jassids, thrlps, whitefles, red 
cotton bugs and dusky cotton bugs was fairly high, while that of green 
scmilooper, cotton leaf roller, spotted bolhvorms and pink bollworms 
was comparatively low. 
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V— SuklMARY 

The cotton crop in Rajasthan is infested by a large number of 
insect pests which cause an annual loss of 10-20%. Studies on seasonal 
incidence of insect pests were carried out during 1966-67 at Udaipur. The 
population estimation of pests was made at weekly intervals. Aphids 
(/l^Airgojj^/uGlov.), jassids {Empoiuta devastans DhlanX), thrips {Thrips 
tabaci Lind.) green scmilooper {Anomit jlava Fabr.) and cotton leaf roller 
{S^'Upta derogata Fabr.) make their appearance in August, the population 
reaches a peak during last, 2nd and 3rd weeks of October and 
St week of August respectively. Cotton whiteflies (Srmisia tabaci Genn.), 
spotted bollworms { Eariai spp. ) and red cotton bugs (Dpcdercui 
ctngulatus Fabr.) appear in September 3rd week and the population 
reaches a peak during October end, November 2nd week and mid-Decem- 
er respectively. The incidence of pink bollworms (PlMyedra gossypUUa 
Mund.) and dusky cotton bugs (Oxycarenut laetus Kriby) starts from 
cto er, reaching the maximum in December last week. The incidence 
ofaphids, jassids, thrips, whiteflies, red cotton bugs and dusky cotton 
ugs was airly high while that of green scmilooper, cotton leaf roller, 
spotted bollworms and pink bollworms was comparatively low. 
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I — Introduction 

Protection technology in India has proved decisive in 'green 
revolution’ but in the wake of the so-called ‘white revolution’, more 
dynamic multilateral management for enhancing yield and quality not 
only of food and 6bre but also of the forage, including grasses, is immi- 
nent. For placing the economy of vast arid and desert zones of north- 
western Rajasthan on more sound footing, farming has to be restricted 
and integrated with cattle-rearing and sheep-raising. To meet out the 
immediate needs of the country, the present production of 800 q has to 
be raised to 3,000 q of green fodder per bcciare per year with an 
average of 12-15% protein content, besides an increase in the cultivated 
area from 4.4% to about 12%. Further, the production in grasslands 
and pastures — within and outside forest area — must increase by 500% 
with 10-12% protein content. It is, therefore, inevitable to rehabili- 
tate and systematically manage our natural pasture or grasslands by 
upgrading, controlled grazing, and simultaneously increasing the 
fodder cultivation in rotation with food crops. Such a programme 
conforms with soil conservation, and helps in development of fodder 
resources to support our well developed livestock sector. Pest manage- 
ment studies pertaining to forage and pasture have been made since 
1961 in Udaipur district as a step in this direction. They were initiated 
under an I.C.A.R. scheme (Inzertigationr on Forage and Pasture insects) 
and have been continued subsequently. 

Kushwaha and Jain (1962, 1966) listed 61 species of forage insects 
(including some predators and parasites) belonging to 58 genera, 27 
families and 8 orders (Coleoptcra, Diptera, Hemiptera, Isoptera, 
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wriggles out with the abdominal tip thrust out first; complete emergence 
takes 20-35 minutes; there are six larval instars and the full grown larva 
appears golden yellow with brownish specklings dorsally while pale 
yellow hue dorso-laterally and ventrally. 

It takes 26.5 days on an average when reared on lucerne (takes 2 1 .08 
and 26,98 days on Bermuda grass and maize respectively); spins a faint 
yellow fusiform cocoon in about 2.45 hours on an average; pupa obtecl 
type, hairy and measures ra. 15.0 mm long and 4.5 mm broad; pupal 
period 5.3 days (5.7 and 5.8 days when larvae reared on Bermuda grass 
and maize respectively). While testing food-preference it was noted 
that the Bermuda grass was preferred most, next was maize and the least 
lucerne (as based on larval weight gain). Total life-cycle was completed 
in 41.39 days on lucerne (34.4 and 40.8 days on Bermuda grass and maize 
respectively) during August-November. 

A thachinid fly, CarctUta buitenzorgiauis Bar. (Diptera : Tachinidae) 
parasitized about 8-20% of the caterpillars collected from the field during 
August-September; maggots generally enter the host body through the 
VIII and IX abdominal segments dorso-laterally and the spot of entry 
is visible as a puncture with fluid oozed out. However, the parasitized 
larva continues feeding and dies in prepupal stage soon after spinning 
the cocoon web. Maggots are reddish, muscoid, cylindrical, tapering 
anteriorly and indistinctly segmented; measure ca. 10-12 mm long and 
1.5-2. 5 mm broad (Singh and Kushwaha, 1971). 

Another group of hairy caterpillars belonging to family Arctiidae 
and resembling those of Lymantriidae, is represented in this region by 
some pests known for their notoriety. 

(3) Lucerne hairy caterpillar, Crtatonotus gangit Linnaeus 
(Arctiidae : Lepidoptera). The pest %vas recorded for the first time in 
Rajasthan damaging lucerne, Bermuda grass, Johnson grass (Sorghum 
halepense (L.) Pers.) and a weed Wilkania somnifera (Kushwaha el a!., 
1964, 1966), although reported earlier ebewherc (Hampson, 1901, 1905; 
Lefroy, 1909; Sevastopulo, 1948). 

Baser and Kushwaha (1968) have studied the detailed biology and 
external morphology of this pest. It is a sporadic pest of lucerne, 
infesting it during July-Xovember; the moths appear about middle of 
July; males and females measure fa. 16.5 mm and 16.5 mm long, and 
38.0 mm and 42.5 mm across spread wings respectively. 
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Hymcnoptera, Lepidoptera, Orthoptera and Thysanoptcra), recorded 
from Udaipur district; the seasonal occurrence and peak period of their 
damaging activities were briefly discussed. Subsequently, Kushwaha, 
Sharma and Bhardwaj (1964), listed 39 pests infesting forage and pastures 
around Udaipur. 

OF Lucerne or Alfalfa {Midicago saliva Linnaeus) 

]. De/olialOTS or Foliage Jfihblers infesting during Kharif 

(1) Tussock caterpillars, £u^ri>f/«spp.(Lyniantriidae : Lepidoptera). 
Kushwaha and Bhardwaj (1967) studied the detailed biology and 
external morphology of JS. virguneula Walker, E. subnotata Walker, 
E. lunata Walker and £. varitns Walker recorded around Udaipur since 
1960 (Kushwaha and Jain, 1962, 1966). Of these E- virguneula is the 
commonest and a major pest infesting from June to February, with peak 
period of incidence during August-September. E. subnotata is equally 
serious from September to February, particularly during October- 
November. and simultaneously attacks with E. virguneula. The remaining 
two species are only minor pests. E. lunata was observed during 
Septcmber*January while E. variens during August-September. Besides 
direct damage the caterpillars cause considerable annoyance to the 
feeding cattle because of their thick coat of hairs reported to be irritating 
and poisonous (Lefroy, 1909). 

(2) Yellow hairy caterpillar. Psalis pennatula Fabricius (Lyman- 
triidac . Lepidoptera). It is another important polyphagous pest 
seriously infesting lucerne around Udaipur (Kushwaha. et al. 1962, 1964) 
from early August till middle November, but the peak period of 
infestation has been observed from the last weak of September upto end 
of October. 

Singh (1966), and Singh and Kushwaha (1970) have studied its 
detailed biology and externa! morphology. The moths are nocturnal, 
sluggish and take to small flights. Moths do not copulate in captivity; 
eggs are invariably laid on the underside of the leaf in clusters of 10-35 
pattern of 3-5 rows and covered with froth; a single female lays 
00 eggs, eggs are smooth, spherical with the micropyle end depressed 

and carrying an orange speck, ca. 0.892 mm in dia.; incubation period 
-7 days during August-October and 8-10 days during November-Decem- 
ber. The young larva cuts an irregular hole, nibbles the egg shell and 
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Cutworms (Nociuldae) comprise the most notorious group of 
polyphagous pests devastating a wide range of crop plants, including 
forage; II species belonging to 5 genera, viz., Agrotis, Cirphis, Laphygma, 
Prodenia and Spodoptera, have been commonly reported from different 
localities throughout India. The species observed infesting lucerne in 
Rajasthan include Agrotis spinifera Hubner, Laphygma exigua Hubner, 
Prodenia lilura Fabricius, Cirphis ( = Leucania) umpuncta Haworth and 
Spodoptera manritia acronyctoides. Guen. 

(5) Agrotis spinifera Hubner (Noctuidae : Lcpidoptera). It is a 
serious pest of lucerne during February — March and was earlier reported 
infesting various crops in Rajasthan (Kushwaha and Jain, 1962, 1966; 
Srivastava and Khan, 1962). Parcek and Kushwaha (1971) have studied 
the detailed biology, control and morphology (of the caterpillar). 
Moths arc active, with short flights, nocturnal, hiding in crevices or 
under clods in fields during day; females measure ca. 14.9 mm long and 
35.2mm across wings, while males are 13.2mm long and 28.1mm 
across wings. 

Moths generally copulate during early hours and lay eggs singly 
as well as in batches of 3>16, arranged in two rows covered with fluffy 
mass, preferably on the under*surface of the leaves, twigs etc.; an 
individual laid 96*254 eggs upto 4 days when fasting, but on feeding 
2% sucrose solution it laid 296-1422 eggs and continued for 4-9 days; 
fresh eggs creamy white, round, measuring ta. O.648-O.700 mm, sculp- 
tured with longitudinal ridges; more eggs laid during September-October 
than during March-April; preoviposition period 2 days and post- 
oviposition 1 day; incubation 4-5 days during July-August and 7-11 days 
during February-March; while hatching, the head emerges out first and 
the entire larva is extricated by contraction movements within 15-20 
minutes. There arc six larval instars; the full-grown larva is 13- 
segmented and brownish to ash grey. Larval period takes 26.27, 35.15 
and 36.12 days (ar.) on maize, lucerne and cowpea respectively, 

Larva stops feeding aday or two before pupation, and pupates in an 
earthen cell 3-4 inches under soil; pupa o^obtect type, cremaster comprises 
of 2 pairs of spines on the X segment; pupal period varies from 14 to 18 
days (ap. 16.2 days) when larvae reared on lucerne (10-15 days on maize, 
19-25 days on cowpea) during August-October, and 15-20 days (ar. 17.3 
days) during February-April (16-24 days on berseem). The life-cycle 
takes 42-64 days. 
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Moths start pairing within three hours of their emergence and 
copulate tail to tail for 2-5 hours; pre- and post-oviposition periods were 
ca. 17 and 24 hours respectively; about 160-317 eggs laid during night in 
clusters of rows but an individual female lays about 285-695 for 2-3 days 
(45-70% eggs laid on the first day); each egg is round, pale cream 
yellow, shining and measures ca. 0.75 mm in diameter {av. of 40); hatch 
in 4-5 days and the individual larva is extricated from the egg within 
20 minutes; there arc seven larval instars and the larval period was 27-32 
days on lucerne and 22-24 days on Bermuda grass during July-October 
when three generations were completed. The young larva is whitish 
with large dark head; subsequently it becomes straw coloured and 
developes a dorsal yellowish longitudinal streak. Pupa obtect type; 
pupal period varies from 5-7 days in case of larvae reared on Bermuda 
grass and 7-10 days in those reared on lucerne; fully developed pupa 
measures ea. 13-I7mm long and 3-6mm broad. Entire life-cycle is 
completed within 31-37 days (at>. 33.8) on Bermuda grass and 38-49 days 
(fif. 42.0) on lucerne. 

(4) The hairy caterpillar, Amsacla Uneala Fabriclus (Arctiidac : 
Lepidoptera). First reported from this region as a major pest infesting 
lucerne, cowpea, maize etc. during July-November, but peak period of 
its incidence observed from middle of September to middle of October 
(Kushwaha et al„ 1964). Bhardwaj and Kushwaha (1967) have studied 
the detailed biology, external morphology and chemical control. 

Moths lay 160-450 eggs singly or in batches after 24-30 hours pre- 
oviposition, on under surface of foliage; appear pale yellow, round with 
somewhat granular shining surface, ca. 0.873 mm in dia.; incubation 3-5 
days; larva emerges out through an irregular exit hole and feeds on egg 
shell itself; there are six instars, each measuring 2.70 mm, 4.65 mm, 
7.75mm, 16.82 mm, 19.67mm and 30.80mm serially. Full-grown larva 
is dark with tufts of hairs. 

When reared on various foods under laboratory conditions, the 
larval period was 15-19 days on lucerne, 12-19 days on maize, 20-22 days 
on cowpea, 20-23 days on jowar, 24-28 days on groundnut and 25-32 
days on cotton. Larvae pupate within a rough cocoon made out of 
silk, hairs and leaves but also made of earth; prepupal stage 1-2 days; 
pupa dark brown, obtect type, pnpal period 8-12 days. Two generations 
were completed before hibernation in pupal stage. Total life-cycle was 
completed within 27-43 days on different food plants. 
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region (Kushwaha et al., 1964, 1966). Plusia nigrisigna Walker 
(Noctuidae : Lepidoptera)— Betala and Kushwaha (1965) have studied 
the detailed biology and external morphology of this cabbage semilooper, 
seriously infesting lucerne besides cabbage, cauliflower, bcrseem, cowpea 
and gram during June-October and January-March. The moths laid 
76-183 eggs (an. 93) singly scattered irregularly, for 2-7 hours generally 
during night or early morning hours; they are round, ca. 0.48 mm in 
diameter, creamy white and sculptured svith longitudinal ridges; hatch 
in 4-5 days («e. 4.25) with 88.2 per cent hatchability on an average; 
the caterpillar cuts an irregular circular exit and emerges out in 1 5-35 
minutes; 74.7% larval mortality was observed on account of bacterial 
pathogenicity during the III and IV instar in August-September; 
there are five larval instars with total larval period 20.80 days (ap.) 
when larvae reared on lucerne (18-25 days, ar. 21.19 when reared on 
cowpea); prepupal stage 2-3 days; pupa obUel type, developed within a 
whitish cocoon; and pupa! period was 6*9 days (ar. 7.29) when the 
respective larvae were reared on lucerne (5-8 days, av. 6.68, on cowpea); 
life-cycle was completed in 32.36 days (ap.) on lucerne under laboratory 
conditions during July-October (29-35 days. ap. 31.69 on cowpea). 

Plusia oriekaleea Fabricius (Noctuidae). Major pest of lucerne 
besides berseem, cabbage, cauliflower and cowpea, etc., during January- 
September with peak period of incidence February-March. Life-cycle 
takes (ap.) 38.13 days under laboratory conditions. 

XanihoJes albago Fabricius (Noctuidae) has been occasionally 
observed infesting lucerne during Jul)-Scptcmbcr. 

A few butterflies have been obscr\-cd as minor pests : 

Rice skipper, Pelopidas mathias Fabricius { = 5a9rif mathias Fabricius) 
(Hesperiidae : Lepidoptera) observed infesting during June-September. 

Common grass yellow’, Tcrioj Aerate (Linnaeus) (Pieridae ; Lepidop- 
tera) during July-Scptembcr. 

Catochrysops sp. (Lycaenidae : Lepidoptera) occasionally infests 
lucerne during Junc-July, and pea during Fcbruary-March. 

(8) In addition to the Icpidopteran pests {vide supra), some beetles, 
grasshoppers and the saw-fly are also responsible for considerable 
damage to lucerne. These arc : 

Lucerne weevil, Hypira pariabilis (Herbst.) {=H. posiica (Gyllcnhal) 
(Curculionidae : Colcoptcra). — Srivastava (1959), and Kushwaha and 
Jain (1962, 1963, 1966) recorded the pest from Rajasthan seriously 
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(6) Lucerne caterpillar, Laphygma exigua Hubner (Noctuidae ; Lcpi- 
doptcra). It is a maj'or pest of lucerne infesting during April*September, 
and was reported earlier from Rajasthan (Srivastava, 1959; Kushwaha, 
it at. 1964, 1966) and elsewhere (Ayyar, 1940; Kadam and Patel, 1956; 
Sen Gupta and Behura, 1957; Lai and Narayanan, 1961; Sohi, 1964; 
Dutta, 1964); moths are pale ochraceous brown, measuring ra. 2.9 cm 
across spread wings; forewings have pale spots marginally and the 
hmdwings are white semi-hyaline; nocturnal, total life-cycle is completed 
within about 25-29 da>s under laboratory conditions. Srivastava 
(1959) observed food preference for potato [Solarium tuberosum L.), pea 
[Ptsum sativum L.), lucerne, and berseem which supported belter growth 
than linseed (Linum usitalissimum L.), tomato [Lycopersicon esculenlum Mill.) 
and brinjal [Solarium mtlongena L.). 

(7) Other noctuids observed damaging lucerne are minor pests : 
Armyworm, PseuMetia separata Walk. [syn. Cirphis [^Leueonia) unipuntla 
Haworth] (Noctuidae). Wide-spread damage is prevalent throughout 
Rajasthan during June-October with period of high incidence from 
August to middle of October. Life-cycle is completed in about 31.15 
days (as.) under laboratory conditions. 

Tobacco caterpillar, Piodenia Utura Fabricius (Noctuidae). The 
pest was observed earlier infesting castor [Rieinus communis Linnaeus), 
tobacco [Xieotiana tabaeum Linnaeus), tomato [Lyeoptrsicon esculentum 
Mill.), brinjal (Solanum melongena Linnaeus), cabbage [Brassiea eleraeta L. 
var. capuata L.), cauliflower [Brassiea oleraeta L. var. botrytis L.), pea 
(Pisum sativum Linnaeus) and lotus besides lucerne in Rajasthan 
(Kushwaha et al., 1964); the incidence has been noticed during June- 
November locally. Entire life cycle is completed in about 4-5 weeks. 

Swarming caterpillar, Spodopiera mauritia aeronyctoides Guen. 
(Noctuidae). Observed infesting during July-October; Life cycle is 
completed in about a month, 2 or 3 generations occur during period of 
incidence. Reported to infest jowar and other host plants elsewhere 
(Kadam et al., 1956). 

Another noctuid, gram caterpillar [Heliethis armigera Hubner, syn. 
Chloridea obsoleta Fabricius) is a regular pest of gram but equally serious 
to lucerne from January to July. Life cycle is completed in 34.21 days 
(ai7.). Already recorded damaging a number of crop plants (Ayyar, 1940; 
Kadam and Patel, 1956; Kushwaha et al., 1964, 1966). 

Two species of Plusia have been recorded more commonly in this 
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Mustard sasvfiy, Athalia proxima Klug. (Tenthredinidae : Hymenop* 
tera). Minor pest during October-December. 

2. Sap Sucking Insects infesting during Kharif 

The tree hoppers or membracids, locally called ‘Ramjce-Ici-gaya’, 
have been commonly obscrx'cd damaging in large numbers a wide 
range of crop plants, including forage, besides forest trees, shrubs, 
grasses, weeds etc. in this region. Besides direct feeding on plant 
sap, they cause considerable damage by egg-laying in the plant 
tissue. Two species, viz-, Tricintrus bieolor Distant and Liptocentrus 
eWi'jnu ^Valker, ucre reported from Rajasthan earlier (Kushwaha and 
Jain, 1962, 1966). 7”. bieolor has been studied in details (Sankhia, 1966; 
Sankhla and Kushwaha, 1969). 

(1) Tricentrus bieolor Distant (Membracidac : Hemiptcra). Is a 
serious pest of lucerne and berseem throughout the year, but peak period 
of incidence observed during Septcmber-October; population counts 
were made fortnightly in lucerne crop by 100 net-sweepings regularly 
from Jatiuary-December, in 1965, and the monthly population data were 
subjected to multiple correlation with mean monthly data of tempera- 
ture and humidity; consequently, it was revealed that the population in 
this case is significantly correlated with the temperature, but no signi- 
ficant correlation occurs between the population and humidity indivi- 
dually or in combination with the temperature. Copulation has been 
commonly observed during March-October; male mounts the female 
and pairing continues in head to head position; following copulation, 
the female cuts a longitudinal slit through the bark with the help of its 
oWposiior which comprises ofsix valvifcn; the eggs are embedded wiibin 
the bark of tender branches singly or in groups of 5 to 6, eggs measure 
re. 0.13 mm long and 0.015 mm broad; incubation period varies from 
8-13 days during Scptembcr-October. The young nymph moults 5 times 
within 33-55 days under the laboratory conditions; the nymphs are 
sedentary and eompleie their entire development while feedine on one 
and the same plant; the hoppers arc gregarious. 

Insecticidal trials with emulsifiablc concentrates of lindane (0.1%), 
malaihion (0.025%) and phosphamidon (0.02%) shos^rd that all insecti- 
cides used did reduce the pest population significantly. 

(2) L/ptoeenlrus eili^jis Walker. It is a minor pest on lucerne 
from October-June, and on beneem during February-June. 
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infesting from January to March, though already reported elsewhere 
damaging lucerne, ‘sengi’ (Indian clover, Mehlotus parvijlora), pea, P^rus 
indtca and P.malus (Lcfroy, 1909; Fletcher, 1917, 1920; Rao, 1921; 
Rahman, 1940 and Beeson, 1941). Pradhan el al., (1960) have 
shown dieldrin (EC) to be most effective (61.51 times more toxic 
than p-p’ DDT) against grubs. Maximum infestation was observed 
during March with an average oi ca. 153 grubs per 4 sq. ft. area of the 
crop or 181 grubs per 100 plants as based on plant counts; it was 
commonly observed that the grub population suddenly decreases about 
middle of March. Consequently, it may be possible that the pest be 
avoided to a considerable extent if the cuttings of the crop during this 
season, \.e., January-March, were taken at shorter intervals of about a 
month or less, preferably within the first week of every month, and the 
crop cut very close to the ground. On an average, the larval and pupal 
periods take about 24 and 20 days respectively during January*February 
(mean temp, ranges 3.84°— 26.72®C) and 12 and 7 days during March 
(mean temp, ranges 1 1.79°— 29.13°C) under laboratory conditions. The 
life cycle lakes 38.83 days (aa.). 

Grey weevil, Myllocerus ntaeuhsus Desb. (Curculionidae t Coleop* 
tera). Mild infestation was observed during August*September. 

Red pumpkin beetle, Aulaeophora foveieolHs (Lucas) {^abdominalis 
Fabricius) (Chrysomelidae : Coleoptcra). — Major pest on lucerne from 
beginning of March to middle of August; adults bite hoi cs and grubs 
bore into roots, 

Oxya ebneri Willemsc (Acridiidae : Orthoptera). Minor pest of 
lucerne during April-July (serious to Bermuda grass and maize). 
Gupta and Kushwaha (1965,1968) have studied the detailed biology 
and external morphology of this pest (vide below, Pests of Bermuda 
grass). 

AlractomoTpha cunulata (Fabricius) (Acridiidae ; Orthoptera). 
Major pest of lucerne during November-June particularly June {vide Pests 
of pastures). 

Chrotogonus sp. (Acridiidae : Orthoptera), Minor pest of lucerne 
during June-July {vide Pests of pastures). 

Hieioglypkus nigrarepletus Bol. (Acridiidae : Orthoptera), Minor 
pest during November-December. 

Phaneropiera gracilis Eurm. (Acridiidae : Orthoptera). Minor pest 
during November-June. 
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Table 1. — Peit fauna of lucerne during rabi 


Ineidenct Ptak Paiad Sprites 

(a) DefoUators 


J uce-Xo% ember 

June-Febfuary 

July-NUy 

July-Novetnber 

Aufust-Xovember 

September-January 

September-February 

October-Deeember 

November-Decembef 

November-Juoe 

Januaty-July 

Jaauary>March 

January-Nfarch and 

Jua«>November 

January-September 

March-September 


— Pteimta litma Fabriciut (Agrotinae : NocmidaeJ 

(Aug.*Sept.) Euprattss aitpinnla Walker (L>manlriidae) 
(February'March) Agialu ipini/era Hubner (Agrotinae : Nocluidae) 
— (jtalanolas gangts Linnaeui (Arctiinae : Arctiidae) 

(Ociober) Ptalu pennatu'j Fabricius (Lymantriidae) 

— Eaptoctis Iwiat* Walker (Lymantriidae) 

(Oet.-Xov.) Euptodis sabaoiata Walker ILymantriidae) 

— Aikalia prtxiaia Klug. iTenthredinidae) 

— Huragljphtti Ksgroreplitus Bol. (Acridiidae) 

(June) Alraelomotpha trenuUta (FabriciuJ) (Acridiidae) 

— FJiitnerepirra gracilii Bunn. (Acridiidae] 

— Helialku etmigtia Hubner (Agrotinae : Noctvidae) 

— Hjprra tanahilit Hetbrt. (Curculionidae) 

— F/a<iaaixr>ri;aa Walker iPItuiinae ; Xoctuidae) 

(February*Marcb) Platia arithaltta Fabrieiua (Plusiinae: Koetuidae) 
— Laph^gma tiigua Hubner (Agrotinae : Noctuidael 


(b) Sap sucking 


Throughout the year (Sept. -October) 


Oetober-June — 

October-December 

and March-July — 

November July — 

November-July — 

November December 

and March-April — 

November-Dectmber 

and July-Auguit — 

January-February — 

January-April (.Marth) 

Mareh-April — 

March-June — 


Ttutntrus Utalar Diitast(Membracidae) 
Pitztdanu rvSrf/ajcialiu Fabricius (Feotalomlnae S 
Peotatemidae) 

Uptaetnms aiti^ait \N’alker (.Membraeidae) 

Dysitecm tiagalalas Fabricius (Pyrrhocoriaae ; 
Pyrrboeoridae) 

AVcara ziriJaSa Linnaeus (Peotatominae; Penta* 
lomidae) 

Xnara tiriiaU var. imeragdala Fabricius 
Crepiaslelhis smvi iFabriciuil (Lygaeidae) 

Dalycarit iadieai Stal. (Penlaiominae : Fentaio* 
midae) 

Aspaagapas jaimi Fabricius (Dinidorinae : Penia- 
tomidae) 

Apkii traedeara Koch. (Aphididae) 

DagraJa cratefitama Kirk. tPentalominae : Penta- 
tomidae) 

Aad^Vaa apimJeaa (Fabricius) (Asopioae s Penta- 
lomidae) 

Aaiaiiaptie trwtia/e (Fabricius) iPentalominac : 
Penialomldae) 
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(3) A few Pentatomids (Hemiptcra) have been observed infesting 
in large numbers : Pitzodorus Tubrofasciatus Fabriclus. Major pest of 
lucerne throughout the year; occasionlly infests berseem and ‘melha’. 
Xezara viridula Linnaeus and JV. virtdulavzt. smaragdula Fabricius. Minor 
pest infesting from November up to July. The life cycle is completed 
in 63.78 days (ap.). Aspengopui janus Fabricius. Minor pest of lucerne 
from July to August and November to December. Antestiopsis cruciata 
(Fabricius). Minor pest during March-June. 

(4) Other bugs occasionally noticed damaging include a Lygacid 
and a Pyrrhocond : Gra/i/ojtrtAiisfern/r (Fabricius) (Lygacidae). Incidence 
starts in November and maximum population is built up during June- 
July after which there is sudden decline; it is also a minor pest on berseem 
during March-May. Dysdtrcus cingulalus Fabricius ( Pyrrhocoridae ). 
Incidence starts from second week of March to second week of July and 
again from last week of October to second week of December but 
maxi mum population is built up during June-July. Mild infestation was 
noticeable in berseem fields during May-June. 

(5) The spotted alfalfa aphid, Tkerioaphis maculata (Bucklon) is a 
major pest during February-Junc. Pareck and Kushwaha (1970) have 
studied the biology and reported that phosphamidon (0 03%) proved 
most effective but malathion (0.15%) Is safe and almost equally effective. 

3. Defoliators or Foltage Jfibblers infesting during Rabi 

Since most of the pests discussed under kkarif continue their 
damaging activities during rabi season also, a mere list of pests indi- 
cating the period of their incidence during this season is provided to 
help in drawing up an integrated pest control schedule for the entire 
year (Table 1). 

Amin et al. (1970) studied malathion residues on lucerne 
^nd in milk. The initial deposit 36.80 ppm for the dose 
0 45 kg/ha dissipated to 8 ppm level during October, while during 
March it (40.93) disintegrated to 5 ppm after 48 hrs. In case of 
L12 kg./ha the initial deposit reached below 8 ppm after 4 days during 
October and March, and 6 days during December. But 3 ppm level was 
reached after 4 days for lower cone, during October, 3 days during 
March and 6 days during December. For higher cone, it reached after 
4, 6 and 10 days during March, October and December respectively- 
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sheath and reach the central shoot producing ‘dead heart’ and resulting 
in stunted growth; characteristically, the tillering starts from base but 
the plant may be killed in severe infestation. Jain and Bhatnagar 
(1962) have studied the varietal resistance in the various strains of 
jowar, and the correlations between the intensity of infestation and 
various plant characters like height, leaf number etc. under natural 
conditions of insect infestation. 

July-J^'ovembtT 

HitTQglyphus nigrorepletus Boisd., major. 

Augusl-Oelober 

Sesamia infereni (Walker), major {vide Pests of maize) 
September-Oetober 

Ckilo partellui (Swinhoc), major (tide Pests of maize) 

Rhopalesiphum maidis (Fitch), minor. 

VI— Pests op Maize {^ea mays Linmaeus) 

/. Defoliators tnfeslhg during crop season 

March-April 

Heliolhis armigera Hubner ( = Chlortdea obsoleta Fabricius), minor. 
April’fuly 

Cirphis Leucania) loreyi Dup. (Hadeninae : Noctuidae), minor. 
Life-cycle completed within a week. 

AprilSeptember 

Sesamia inferens (^Valkc^) (Noctuidae : Lepidoptera ), major. 
Kushwaha et al. (1961) studied borer incidence and estimated 
10.34-17.48% infestation (ra. 15.52%) of the two borers in post-harvest 
plant counts of hybrid maize during October, 1960. 

Chilo partellus (Swinhoe) (Pyralidae : Lepidoptera), major. In a 
control trial against the borers it was obsersed that Endrin EC (0.02% ) 
and DDT 50% WP (0.25 %) (each sprayed thrice, first spray in the 
last week of July, second in second week August, and third in last week 
August) reduced the borer infestation but endrin alone was really 
efTective. To replace Endrin. three fortnightly applications of Lindane 
(0.05% EC followed by 1% Gr. twice) or Endosulfan (0.1% EC and 5% 
Gr. twice) (Gr. 14.8 kg/ha) bare been recommended (Noor and 
Kushwaha. 1967; Chatterji, 1970). 
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Milk samples of the cows fed on treated fodder did not show malathion 
residues. 


Ill— Pests of Berseem or Egyptian Clover 
(Trijolium alexandrinum Linnaeus) 

Introduced from Egypt in 1904, It Is one of the best rabi fodder 
crops of North India under adequate irrigation. 

The pest fauna is given in Table 2- 


TabU 2. — Ptit fauna of barseem 


heiiinc. 

Speeies end siatui ef Iht pat 


Novemhsr-Ffbruary 

(a) Defoltalors 

Euptecta rirguncule Walker, major pest 


Oecembfr-January 

Eapnelts lueata Walker, minor 


Jaauary*Mar«h 

Eltaia Migtiiixia Walker, major. 


January April 

Etuiie eritMcta Fabnefus, major. 


Januarv.Junc 

Ht/itiiit ermixrra Hubner, major. 


April. May 

AaracepiefO/enittUis (Lucai), minor. 


May.Juna 

Oxjra Willtsnse. minor 


Febmary.Juna 

(bj Sap sueking 

Tfutelius Heeler Dittaol, major. 


March-Apnl 

Lepteeenirus eilixait Walker, miaor. 
heteJetat rahe/asttaiui Fabrieius, major. 
Aadralltti rpinideni (Fabrlclui), minor. 


March-May 

Gteptetiiihas senat (Fabrlclutl, minor. 


March-Juae 

Deljeeeii Mieat Sul., minor. 

Dytdtteat einpiletaa Fabriclui, minor. 

. 


— Pests of Methra or Metiia (Trigonella foenum-grotcum) 

It is an important rabi fodder of low irrigational requirements. 

February-April 

Puzodorus rubrofascialtts Fabridus, major. 

Marck-April 

Aulacophorafoveicollij (Lucas), minor. 

V — Pests qe Jowar, fSargftttRi v’dgaxe Pers.) 

Julji-Septmber 

(i) Spodopttra exigua Hubner, minor. 

(ii) ^iherigonavaria socealaRoad. The jowar shoot fly is a major 

particularly m the seedling stage in Rajasthan and Delhi. Eggs are 
laid singly on the leaves and the ma^ots after hatching enter the lea 
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VII— Pests of Cowpea {Vigna catjang Walp., V. sinensis Savi.) 

Cowpea is a protein-rich kharif green fodder more resistant to 
drought and tolerant to heat; irrigated hot weather crop is sown in 
March whereas the rainfed crop is sown in June or July after monsoon 
commences. 

June-Septemher 

Plusia oriekalcea Fabricius, major. 

June-Oclober 

Plusia nigrisigna Walker, major. 

Julj~Augusl 

Acrocereeps catrulea Meyrick (Gracillariidae : Lepidoptera), minor; 
the tiny larvae mine blotches on the leaves. 

JulySeptmhtT 

SpodopUra exigua Hubner, minor. 

July^OclobtT 

Amsacta Uneola Fabricius, major; peak period of incidence mid- 
September to mid-October; takes av. 34.45 days to complete the life cycle 
under laboratory cooditions. 

Augusl-Seplember 

Euproctis virguncula Walker, major. 

Agrotls spinifera Hubner, minor; full grown larva measures ra. 
23.56 mm when reared on cowpea (smaller than those reared on maize 
or lucerne); the percentage of larvae pupated and the adults emerged 
was least in this kind of larval feeding than in those fed on maize or 
lucerne. 

/lu|ujt'Oelo6n’ 

Psalis pennatula Fabricius, major; a Tachinid fly, CarceUia batten^ 
Zorgiensis Bar. is an cflcctivc parasite. 

Seplembtr-Oclober 

Proxtnus kugeli Feld., (Noctuidae : Lepidoptera), minor. 
Octoiff-AoermSer 

Anticarsia irroTaSa Fabricius (Xoctuidac : Lepidoptera), minor. 

VIII— Pests of Grasi (Cicer arielinum Li.vnaeus) 

Gram is generally grown as a dry crop in the rabi and requires 
low rainfall and mild cold; sown in middle of October or November. 
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Alraclomorpha crtnulata tienulata (Fabricius) (Acridiidae : Orthoptcra), 
minor, infesting fodder maize (vide Pests of pasture). 

Jul)Septmber 

Euproctis subnotata Walker (L)mamriidac : Lepidoptera), minor. 
Amsacia lineola Fabricius (.Arctiinae : Arctiidae), major. 

Amsacta laetinea Cramer (Arctiinae : Arctiidae), major. 

Julj-OclobtT 

Spodoptera mauntia acronjctoidei Guen. (Noctuidae : Lepidoptera), 
minor 

Spodoptera exigua Huhner (Noctuidae : Lepidoptera), minor. 
Juty-November 

Osya ebneri Willemse (Acridiidae : Orthoptcra), major; Jife-cyclcis 
completed in 66-70 days (av. 67.17). 

August-September 

Euproctis virguncula Walker (Lymantriidae : Lepidoptera), minor. 
Amsacta moorei Butler (Arctiinae : Arctiidae), major. Agrolis spittiftf^ 
Hubner (Noctuidae : Lepidoptera), minor. Laphygma exigua Hubner 
(Noctuidae : Lepidoptera), major. 

August-October 

Psalis pennalula Fabricius (Lymantriidae : Lepidoptera), major; life- 
cycle is completed in 42.8 days, on an average, when larvae were reared 
on maize {vide Pests of lucerne). 

Pseudaietia separata Walker (Noctuidae : Lepidoptera), major; total 
life-cycle takes 24-29 days, 

September-Octaber 

Ckrotogonus sp. (Acridiidae : Orthoptera). minor. 

^ Sap-sucking insects infesting during crop season 
March-April 

Anaphothrips sudanensis (—jlaaicinctus K.) Trybom; synonyms : alternans 
Bagn. (Egypt) mediofavus Sch. (Ceylon), eilruinctus Bagn. (India), spectosus 
Hood (Australia), bieinctus Hood (Trinidad), iranssaalensis Fau*"® 
(S. Africa). (Thripsidae : Thysanoptera), minor pest. 

September-October 

Phopalosipkum {=Apfiis) maidis (Fitch) (Aphididac : Hemiptera), 
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Augusl-SeptmbeT 

Pstudaletia separata Walker, mioor. 

October-Xovember 

Anttcarsia irrorata Fabridus (Noctuidae : Lepidoptera), minor. 

X — Pests of Pasture 

To study the pasture fauna, the following four localities within 
Udaipur district were selected for regular field collections, population 
sampling and incidence : — 

(i) Pastures adjoining Udaipur, ea. 580 m. above mean sea-level 
in Aravali Ranges. There is intensive agriculture cultivation amidst 
the vast forest environs, (u) Pastures within Forest Game Sanctuary 
atjaisamand, 64 km. south of Udaipur. CJ. 292 m. above mean sea- 
level; the preserved forest has dense wild environment, (iii) Pastures 
adjoining Kumbhalgarh Fort, ca. 136 km. north-east of Udaipur; ra. 
1088 m. above mean sea-level; comparatively a sparse forest, (iv) 
Pastures adjoiniog Mangalwar village, about 65 km. north-east of 
Udaipur on Udalpur-Chittor Road; has vast pasture tract with fewer 
forest plants. 

It is broadly concluded that the population under thicker forest 
at Jaisamand or dense cropping vegetation at Udaipur is much lower 
than under the thinner forest adjoining Kumbhalgarh (Kelwara) or 
pasture environs at Mangalwar. Thus, localities at Jaisamand and 
Udaipur provide better protection to the predatory fauna on account of 
thick forest and cropping conditions, and the grasshopper population 
was thinned out consequent to greater pressure of this factor, whereas 
in other localities this predatory fauna was rarified for want of sufficient 
shelter and hence lack of enemy numbers resulting in higher grasshopper 
fauna. 

The identified pasture fauna is bricDy described below : — 
Throughout year 

Aerida exaltala exaltala (Walker), major. Maximum population of 
9 per unit area was obscr^xd during second week of January’ in 
Kumbh.algarh (Kelwara) area; the species recorded in all the areas 
[tide supra). 

Ckrotogonus traehjptervs (Blanch.), major; maximum population of 
46 per unit area (750' x 10') was observed durng third week of February in 
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January-Fehuary 

Aphis cracctvora Koch. (Aphididae : Hemiptera), minor 
Plusia nigrisigna Walker, minor. 

January-March 

Plusia OTichalcea Fabricius, minor. 

JamcTy-Apnl 

Hehothis armigera Hubner, major; the gram caterpillar defoliates 
and bores the pods. 

FebruaTy-March 

Agroiis spiniftra Hubner, minor {tide Pests of lucerne). 

Ftbruaty-^ApTit 

Rottenbcrg, major; the gram cutworm seriously 
nibbles the foliage, cutting the branches generally at ground level; 
hides under dried twigs and clods during day; pupates in soil. 

Laphygma exigua Hubner, minor. 

OF J0H.VSOK Grass (Sorghum haUpense (L.) Pers.) 

Johnson grass, locally called baru, is a perennial graminaceous 
weed resembling jowar and infesting it and maize crop from which it is 
indistinguishable in early growth; contains HCN in young stage of the 
plant and can be fed after dowering stage. 

July-September 

Aigocera ctnulia Cramer (Agaristidae : Lepidoptera), minor. 

Alphaea vittata Moore (Arctiinae : ArctUdae), minor. 

Amsacta iactinea Cramer, major. 

EuprocUs virguncula Walker, minor. 

July-Ociober 

Psalis pennatula Fabricius, major. 

J^ly-Navember 

Criatanotus gangis Linnaeus, major. 

August-SepiembeT 

Amsacta moorei Butler, major. 

Pericallta rtcini Fabricius (Arctiidae : Lepidoptera), minor. Life* 
cycle is completed in about a month. 
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Augusl-SeptemheT 

Pseudahlia separata ^VaIke^. minor. 

October-dt'orember 

Anlicarsia irrorata Fabricius (^^octuidae : Lepidoptera), minor. 

X — Pests of Pasture 

To study the pasture fauna, the following four localities within 
Udaipur district were selected for regular field collections, population 
sampling and incidence : — 

(i) Pastures adjoining Udaipur, ea. 580 m. above mean sea-level 
in Aravali Ranges. There is intensive agriculture cultivation amidst 
the vast forest environs, (it) Pastures within Forest Game Sanctuary 
atjaisamand, 64 km. south of Udaipur, ra. 292 m. above mean sea- 
level; the preserved forest has dense wild environment, (iii) Pastures 
adjoining Kumbhalgarh Fort, ca. 136 km. norlh-east of Udaipur; ra. 
1088 m. above mean sea-level; comparatively a sparse forest, (iv) 
Pastures adjoining Mangalwar village, about 65 km. north-east of 
Udaipur on Udaipur-Chittor Road; has vast pasture tract with fewer 
forest plants. 

It is broadly concluded that the population under thicker forest 
at Jaisamand or dense cropping vegetation at Udaipur is much lower 
than under the thinner forest adjoining Kumbhalgarh (Kelwara) or 
pasture environs at Mangalwar. Thus, localities at Jaisamand and 
Udaipur provide better protection to the predatory fauna on account of 
thick forest and cropping conditions, and the grasshopper population 
was thinned out consequent to greater pressure of this factor, whereas 
in other localities this predatory fauna was rarified for want of sufficient 
shelter and hence lack of enemy numbers resulting in higher grasshopper 
fauna. 

The identified pasture fauna is briefiy described below 
Throughout jear 

Acrida exallala exaltala (Walker), major, Ma.^imum population of 
9 per unit area was observed during second week of January in 
Kumbhalgarh (Kelwara) area; the species recorded in all the areas 
[tide supra). 

Chrologonas Irackjpterus (Blanch.), major; maximum population of 
46 per unit area (750' x 10') was observed durng third week of February in 
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copulation lasts 4-9 hours; male abdomen is twisted down to fuse with the 
female to achieve coitus; an individual female oviposited twice, laying 
23-29 eggs about 3-4 cm deep in coarse sandy soil; egg-pod is ca. 13.56 mm 
long and 4.38 mm in dia., comprising of 11-15 eggs; eggs are arranged 
obliquely \ertical within each pod; each egg is cylindrical slightly 
cursed and tapering at both ends svhich are rounded, and measures 
ca. 3.27 mm long and 0.708 mm in dia. {ac. of 25); hatch in 28-40 days. 
Ncsvly hatched nymphs moult five times, and the life cycle is completed 
in 71-81 days {as. 76.6) on maize, 72-83 days {an. 77.3) on jowar while 
63-68 days ( cs. 65.4) on Bermuda grass. Two generations were 
completed during August-November and Nfarcli-June. 

Trilophidia annulala (Thunberg), major; maximum population of 15 
per unit area was observed during the third week of .May at Kelwara; an 
individual consumed 0.05342 g Bermuda grass, 0.0156 g maize (dry 
wt. of foliage), and 3.789 sq. cm. maize foliage within 24 hours. The 
life cycle is completed in 105, 90 and 77 days respectively on maize, 
cowpea and jowar. 

Mareh^Xovimber 

Cklotbera marshalli Henry, minor; maximum population of 7 per 
unit area was observed during the second week of September at 
Kumbhalgarh; the species was not observed at Jaisamand and Udaipur. 
March'Dicember 

Caiantops pinguis Steal, minor; maximum population of 58 per 
unit area observed during second week of October in Kumbhalgarh 
area; an individual consumed 0.0277 g Bermuda grass, 0.03897 g 
maize (dry wt.), and 5.476 sq. era. maize foliage within 24 hours. 

April- MosanbcT 

Orthoctha indica Uvarov, major; maximum population of 23 per 
unit area was observed during first week of October in Mangalwar 
area. 

April-Febriiarj 

Aulacobotkrus sp., major; maximum population of 43 per unit 
area was observed during the third week of September in Kumbhalgarh 
area. 

June-February 

Otdalcus abruptus Thunbei^, major; maximum population of 22 per 
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unit area was observed during the second week of October in Kumbhal- 
garh area. 

AiracloJnorpba CTtnulaia Fabricius, major; maximum population 

of 12 per unit area was observed during second week of September in 

Udaipur area; an individual consumed 0.104 g dry wt. and 5.545 sq. 
cm. foliar area of maize. 

EupTOclis vtrguneula Walker, minor. 

Cjrtacanthacns tatariea tatariea Linnaeus, minor. Only a few 
specimens were collected at Kumbhalgarh and Jaisamand area. 
July~August 

Aegoceta venulia Cramer, minor. The life cycle was completed in 
about 30 days. 

JulyStpiembir 

Alphaia vitlata Mooie, minor. 

Argina tribraria Clark, minor; moth spotted orange, ca. 3.2 cm 
across spread wings, hairy caterpillars actively defoliate. 

Euproetis varitns Walker, minor. 

Trtcentrus bicolor Distant, minor. 

July-OciobtT 

Pericallia ricini (Fabricius), minor. 

JulyJ^ootmbiT 

Creatofiotuj gangit Linnaeus, major. 

Ojy'c <inm‘ ^Villemse, minor. Gupta and Kushwalia (1965,1968) 
have studied the detailed biology and external morphology of the 
grasshopper of this species. It is a common pest of Bermuda grass 
fC^yanodon doctylon (L.) Pers.) and maize f.^ra mays Linnaeus) locally* 
The adults and hoppers generally abound grass strips bordering fields of 
sugarcane (Saccharum ojicinarum L.) and elephant grass (Pennistit^rn 
puTpureum L.) etc. Weekly population counts were made by net 
sweeping method (100 sweepings) during morning (8.00-10.00 a.m.) and 
evening (4.00-6.00 p.m.) hours. Consequently, the average weekly 
incidence (adults as well as hoppers) recorded was 8.5, 1 1. 6, 18.3, 6-6 
and 3.0 during respective months from July to November; independent 
correlation was observed between the population incidence and tempera- 
ture or humidity. 

The adults abundantly copulate during August by riding mode in 
head to head position and continue for 35-58 minutes; the male abdomen 
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is twisted down to interlock with the female abdomen. An individual 
female oviposited upto three times, laying a maximum of 88 eggs upto 
4.0 cm deep in clay loam while 5.0 cm in coarse sand; the number of 
eggs invariably increased in each subsequent laying. An egg pod is 
ca. 9.49 mm long and 4.46 mm in dia.; it comprises of 17-38 eggs 
(av. of 10). The eggs measure ca. 4.231 mm long and 1.158 mm in 
dia. (ar. of 25); they hatched in 18-20 days; the newly hatched nymph 
moults five times and the life cycle is completed in 59-64 days (ar, 62.24) 
on Bermuda grass while 66,70 days (ar. 67.19) on maize. 

Julj-Decmber 

Ejprepocnmis alaeris impicta Uvarov, minor; it also infests maize 
crop adjoining pastures at Jaisamand area. Copulation was observed to 
last for 50-130 minutes by riding mode after which females appeared 
sluggish, oviposited 2-3 times after 2-4 days of copulation, and laid 
43-61 eggs about 2-3 cm deep in case of coarse sandy soil; upto three 
egg pods were laid by a female and each pod comprised of 23-31 eggs 
in each; each egg measured ea. 16.73 mm long and 8.49 mm in dia., 
and hatched in 37-39 days; the newly hatched nymphs moult five times 
and the entire life cycle was completed in 84-96 days (ar. 91.4 days) on 
Bermuda grass. 

August-^'oeember 

Psalis pennalula Fabricius, major. 

Hierogljpkus nigrcreplettu Bolivar, minor. Maximum of 8 per 
unit area at Jaisamand. 

Cataloipus indicus Uvarov, minor; maximum population of 5 per 
unit area was observed during last week of August in Jaisamand area, 
August-December 

Cbloebora crassa (Walker), major; maximum population of 52 
per unit area was observed during the first week of October in 
Mangalwar area. An individual consumed 0.133 g maize (dry wt. of 
foliage), and 3.99 sq. cm. maize foliage while 8.64 sq. cm. jowar 
foliage. 

SeptembcT'Oclober 

Pehpidas mathias Fabricius, miuor. 

Septanber-^’oremher 

GonUlaip.y major; maximum population of 12 per unit area was 
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observed during tlie third week of September in Mangalwar area. An 
individual consumed 0.0988 gm maize (dry wt. of foliage). 

OedaUus senegaltnsis Krauss major. 

ChoToedocus tUustris (Walker), minor; solitary individual collected at 
Jaisamand. 

E\iconoctphalus tnterlus (Walker), minor; a few individuals collected 
at Kumbhalg.irh and Jaisamand area. 

February-June 

Eucoptacra praemorsa Steal, minor; maximum population of 9 per 
unit area was observed during the last week of May in Jaisamand area. 

XI — Control 

The gtntrol e^uUihrium position (GEP) determined by the interaction 
between the species and environmental factors may be temporarily 
altered by an extensive use of insecticides. However, initiating any control 
operation below the economic injury level would be unwarranted econo- 
mically, and may even prove harmful to the biotic components of the 
ecosystem. Further, the decision to use these chemicals must be based on 
the range and degree of their specific selectivity for figliting a particular 
group of target pests, carefully sparing the non-target organisms like 
natural enemies and pollinator insects. Drift of insecticides to adjoining 
area must be avoided. Use of granular formulations (30 to 60 mesh 
size) reduces contamination in comp-irision to dusts on this account. 

Chloritialed hydrocarbons on account of their highly persistent 
residues, accumulation in food chains, non-scicetivity to beneficial insects, 
fish and wildlife, and insect resistance aic mostly not used in the modern 
pest-management or integrated programme. Organo-phosphorus esters 
exhibit greater selective toxicity. So arc the carbamates also selective in 
their action, getting readily degraded in vito and in the environment, 
having low mammalian toxicity, and hence used in the integrated 
approach. Systemic insecticides arc also considered selective because 
they directly affect only such injurious insects as suck juice from the 
treated plant or devour their tissues, except when these arc consumed by 
the predators. 

Insecticides commonly used (kg/ha) against pests in forage and 
pasture are : Malathion : Aphids (0.67-1.12 kg); grasshoppers, army- 
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worms, beetles, Lygus bugs, leafhoppers, thrips (1.12 kg); 

lucerne weevil (1.12-1.40 kg). 

Carbaryl ; Chinch bugs (0.28 fcg); grasshoppers, armyworms, cut- 
worms, Epilachna beetles, alfalfa caterpillar (1.12 kg); sorghum midge 
(1.68 kg). 

Methoxychlor : Leafhoppers (0.56 kg); alfalfa caterpillar (0.84-1. 12 
kg); spittle bugs (1.12 kg); lucerne weevil, Epilachna beetle (1. 12-1.68 kg). 

Mevinphos : Aphids, lucerne caterpillar (0,14 kg); grasshoppers 
(0.28-0.56 kg); cutworms (0.42 kg). 

Trichlorfon : Lucerne caterpillar (0.28-0.35 kg); Lygus bug, cut- 
worms, armyworms (1.12 kg). 

Parathion : Aphids, armyworms (0.28 kg); lucerne weevil 

(0.28-0.56 kg). 

Dlazinon : Grasshoppers, aphids (0.56 kg); lucerne weevil (1.12 kg). 

Azinphosmethyl : Lucerne weevil (0.56 kg). 

Demelon : Aphids (0.28 kg). 

Detailed description of various methods of control is being 
published elsewhere (Kushwaba and Bhatdwa}, 1970), 
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XIII — SuSIJIARY 

Pests of forage crops, viz., lucerne, berscem, metha, joicar, maize, 
cowpea, gram and Johnson grass, etc., have been listed, together with 
brief description of their bionomics including seasonal incidence, 
biology, status, control, etc. 

Pests of pastures, their incidence and population per unit area, 
extent of damage etc. have been briefly described. 

In all, 93 species of pests (belonging to 62 genera, 20 families and 
7 orders) have been dealt with. Lepidopterans include 9 families, 23 
genera and 31 species; orthoptcrans 2 families, 20 genera and 23 species; 
hemipterans 5 families, 13 genera and ISspecics; coleopterans 2 families. 
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3 genera and 3 species; and h)nicnopterans, diptcrans and thysanopterans 
one each. 
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VARIETAL SUSCEPTIBILITY OF SORGHUM TO 
STEM BORER, CHILO ZONELLUS (SWINHOE), 
UNDER FIELD CONDITIONS 


H.K. Vyas*, S.K. Sharua* and O.P. Bohra* 
Regional Research Laboratory, Sumerpur {Pali District), Rajasthan 


I— Intboductiok 

Rajasthan is a major Sorghum (jowar) producing State. The total 
area under cultivation is 1015.5 hectares and the production is 2,87,000 
tons (1965*66), Sorghum is a staple food of many people and also 
provides fodder for animals. Kharifii the main grain*crop season, 
while the fodder*crop is generally grown in ApriI*May with irrigation. 
Both the crops arc severely attacked by Chilo zonellut Swinh. The 
introduction of high-yielding varieties requires an urgent study of Chilo 
as adequate information is lacking. 

Pant etal. (1961) studied the development of freshly hatched 
larvae of CAi/e on difTerent hosts, viz., maize majs),^ bajra 

(Pennnisetum tjpkoiJes) and jowar (Sorghum culgere). A relationship 
between per cent infestation of maize plants and borer population^of 
Chilo fontllus was derived by Singh et al. (1962). Kalode (1964) 
reported m.iize varieties Jullunder local, Arbhr.vi local and Canga 
hybrid 101 to be resistant, and Amrilldc-Cuba, Malan. Patiala local, 
Ranjit and Deccan hybrids as comparatively susceptible, as worked out 
by the injury index. Sikka tl cl. (1957) also conducted such work on 
Chilo. Trchan and Butani (1949) also reported on the poisibiliiy of 
varietal variations to Chilo zonellus damage. 

II— Methods 

A fold experiment camVd out t.rinie, of jonxr 

duritii: 11, e hhnrif teaton (1967) on tire Covetnment Aericullntal 1 nnn. 
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Sumerpur. The experiment was conducted in a randomised block 
design. The gross plot-sixc was 20'x 12' and each variety was replica- 
ted four times. Sowing was done in July 1967, keeping li' row to row 
distance and 9'' from plant to plant (by thinning). 30 kg nitrozen and 
15 kg phosphate per acre was supplied to the crop. A one-tenth 
area was marked in each plot for the assessment of the loss caused by 
the borer. Observations were recorded in mid-August and in the first 
week of October. The percentage infestation was worked out by the 
ratio of total number of plants to the number of damaged plants in a 
unit area. 


Ill— Results axd Dtscussio.s' 

Plant resistance was evaluated by the the external injury caused 
b> the stem borer in the varieties studied. An assessment of external 
injury was made by counting dead hearts during the growth period of 
plants. It was observed that upto mid-August damage in all the 
varieties was slow and uniform. The minimum damage svas 4.8% in 
the local variety, and maximum was 12% in CSH 2. The magnitude 
of difference m damage was not critical among the varieties studied. 
However. (9 9%. 6.0%. 6.2%. 0.5%. 10.0%, 5.3%, 10 . 5 , 8.4%. 11.0%, 
10.9%. 6.6% and 8.3% damage was recorded in CSH I, I. S. 3796, 
I.S.3924. 1.S.2944. I.S.2031. 1.S.84. 1.S.5U. I.S.3797, 1.S.3922 (Sel. 405). 
I.S.815, I.S. 1601, I.S.1601B and I.S.3C9I respectively. 

A significant difference in ihe damage percentage was observed 
in October among jowar varieties studied. The local variety again 
stood lowest, wnh only 18.4% damage. Similarly, the maximum 
damage (60.9%) wav observed in CSH 2. On the whole, all the varieties 
can be put in 5 groups on the basis of decreasing susceptibility as judg- 
ed by damage percentage, thus I. Most susceptible varieties. Damage 
percentage 60.9-58.1%, IncludcvarieticsCSH2. CSH I «nd I.S.84 (60.9%, 
58.1% & 60.7% damage respectively). II. I.S.51 1 variety (52.8% damage). 
HI. Damage 47.7% to 44.5% includes I.S.3796, I.S.2944. I.S.3797 and 
I.S. 3922 (44.5%, 47.7%, 44.5% and 47.7% damage respectively). IV. 
Damage 30-32.7%, includes I.S.3924. I.S.2031, I.S.815, I.S.160I, 
I.S.1601B. and I.S.3691 (31.1%, 32.3%, 32.7%, 30.0%, 32.3% and 31.2% 
damage respectively). V. Least susceptible includes only local variety 
(18.4% damage). 



OBSERVATIONS ON THERETRA OLDENLANDIAE 
FABRE (LEPIDOPTERA : SPHINGIDAE) 


S.C. Saxena 

Toxicology Laboratory, Department of Zoology, University of Rajasthan, 
Jaipur 


I — Introduction 

The present paper includes observations on the larvae Tkeretra 
oldenlandiae Fabre, in a garden. 


II— Observations 

The larvae were caught feeding on Impotiens balsamina and 
virlUillala. They are voracious foliage eaters, remaining attached on 
the underside of the ieaf. They start feeding from the lower side of 
the leaf, devouring the whole leaf except the midrib whieh is completely 
left out. Only fresh leaves were consumed; when old and somewhat 
dry, the fresh parts only were eaten up. While feeding, the larva holds 
the leaf from under-rib by means of its appendages. IVith one bold tt 
tries to consume as much leaf as possible by stretching its body m 
different directions. From the midrib upto the margin the lan-a bites 
the leaf in a semi-circular pattern. After feeding for sometime it relaxm 
cither on the branch or on the midrib by completely stretching itae . 
It appears that the biting reflex is initiated soon after the closing o 
labial palpi on a leaf edge and the mandibles start opening and closing 
to cut the leaf. At this point the feeding is continued if the larvae are 
on the leaf, otherwise they move on to another leaf. In this way, 
they ascertain, by sampling, the right food plant. ec ing 
during night unless the brvac arc starved. During J 

prefer to remain motionless on the undenide of the lea . 


after finishing a leaf they proceed to another 


one immediately above it, 


hence an upward defoliation takes place, 
cylindrical and black. 


The lar^'aI faeces are small. 



Saxena : Observatioks on Therelra oldenlandiae 419 


The larvae, when fully grown, arc 3 to 4 inches long and shed 
their skin five times. They feed, on an average for 3 to 4 weeks before 
pupating. They move down the food plant into the soil in search of a 
suitable place for pupation, digging 2 to 3 inches {depending on the 
compactness of the soil) and burrowing inside to pass the inactive pupal 
stage. The emergence from the pupae usually takes place after dusk. 
The adults, after the emergence, rest for a considerable period. 
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The fullgrown larva is 3-4 inches long and of light black colour, 
with its anterior and posterior parts narrower than the rest of the 
body. 

The larva sheds the skin five times. During last two or three 
days of its life, it attains the maximum length and a light black colour. 
It feeds on an average of 3 to 4 weeks and then goes into pupation. 
When full grown, it moves down its food plant and searches for a suit- 
able place for pupation. It then digs about 2 to 3 inches (depending 
on the compactness of the soil) into the soil and burrows inside for 
pupation. The size starts getting reduced, the body decolourising, and 
the feeding is stopped. The second day the size becomes considerably 
reduced to about 1) inches with tubular body almost green in colour. 
During the shortening of the body each segment shrinks. The pupal 
stage lasts about 3 weeks. The wings may be seen developing from the 
second day of the pupal stage and the tapering of the abdomen posteriorly 
may also be observed. 

The emergence of adults from the pupae usually takes place after 
dusk. Out of 8 moths, .5 emerged after dusk, 1 during daylight and 1 
early in the morning. The adults after, the emergence, rest for a consi- 
derable period and get their wings completely dried before folding 
them. 


1 1 1 — AcKNOWLEDCEM ENT 

The author wishes to thank the Director, Zoological Survey of 
India for identifying the insect. 

IV— Summary 

The present note is based on observations on a few larvae found 
in a garden ImpaUens balsamina and ^innia 

The larvae feed voraciously, clinging to the undersurface of the 
foliage. They prefer tender leaves or only succulent parts of leaves 
which have somewhat dried up. The biting reflex is initiated soon 
after the closing of labial palpi on the edge of a leaf and the mandibles 
start opening and closing to cut the leaf. The defoliation proceeds 
upward as the larvae move from one leaf to the other immediately 
above it. 



BIOLOGY OF THERETRA ALECTO LINN. (LEPIDOPTERA : 
SPHINGIDAE), A MAJOR PEST OF 
GRAPEVINES IN RAJASTHAN* 


By 

S.K. Sharsia, R.C. Saxeka ash) O.P. Vabk 
Stall Enlimalagical Rtsiauh Latorainy, Rajasthan, Dargapara, Jaipur 


Abstract 

Tktrelra alecto Linn, is a major pest of grapevines in Rajasthan. All 
the developmental stages are described. A single lifc'cycle takes 33*42 
days from June to September. There are ttvo generations in a year. 
The pupae of the second generation undergo hibernation in September 
and give rise to adults in following June. 


*The full paper bai lii 
107*111, 1970 — Eorroas. 
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NEMATODES IN RELATION TO PLANT DISEASES 
IN RAJASTHAN 


By 

N. Prasad 

Dean, College of AgricultuTe, University of Udaipur, Udaipur 


I — Introduction 

Phytonematology has developed at a rapid pace during the past 
30 years. Earlier work concerned the endoparasitic nematodes like 
Mtloidogyne spp. (root-knot nematodes), Pratylenehus spp. (lesion nema- 
todes) and Heterodera spp. (cyst nematodes). During those days, if the 
nematodes were not found inside the diseased material, the disease was 
usually considered not to be caused by nematodes. ^Vitb the discovery 
of new and better techniques, several ectoparasitic forms such as 
Belonolaimus spp. (sting nemotodes), Xiphinma spp. (dagger nematodes) 
and TrUhodorusspp. (stubby root nematodes) have been shown to be quite 
destructive. In India, after Butler’s (1919) pioneering contribution on 
*Ufra’ disease of rice caused by Ditylenehus angustus, very little has 
been added to the knowledge of phytonematology from the plant patho- 
logical veiw point. 

II— Re^tew of Work 

Nematodes occur in most habitats, but everywhere they are depen- 
dent on water. Since all plant parasitic nematodes have a soil phase, 
the salient features affecting them arc soil temperature, structure, mois- 
ture and aeration. Attempts to correlate nematode distribution and 
abundance with soil type usually do not succeed because of many 
factors involved. Soil population of plant-feeding and saprophytic 
nematodes is conditioned by the plants grown. Population of Hetero- 
dera spp. behave in a fairly predictable svay, but not of Ditylenehus depsaet. 
probably the latter being closely related to soil type than to hosts. 
In our country, practically s’cry little work has been done on t e 
gical aspects of nematodes, at the most we hear of various species 
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A similar circumstantial evidence was forwarded by Nusbaum and 
Chaplin (1952) about the association of root-knot nematodes with 
Pkylophlhora parasitica var. nicotianae. They obser\'ed that soil fumigation 
with nematicides greatly reduced the magnitude of black shank diseases 
in the field, as compared to unfumigated controls. They also proved 
that the fumigants did not have any deleterious effect on the fungus 
even at high concentrations. Associations of Rhizoctonia solani with 
Praljlenckus minjus was confirmed by Mountain and Benedict (1956). 

It is interesting to note that Phytophthora parasitica var. nicotianae 
does not require wounds to enter into tobacco roots (Nusbaum, 1952). 
It is, therefore, evident that the breakdown of normal disease resistance 
is due to something more than mere mechanical injury. An association 
of this sort still requires investigations to furnish a suitable explanation. 
Taylor and WylUe (1959) concluded that the presence of M. javanica and 
M. kapla greatly influenced emergenee of soybeans when Rhizoctonia 
solani was also present. Association of PralyUnchus spp. with roots of 
sugarcane plants diseased by the Sclerospore fungus was confirmed by 
Birchfield (1953). 

Bacterium*ncmatode complexes too, have been reported. Evidence 
has been presented that root-knot nematodes are associated with 
Pseudomonas caryophylli in lowering the resistance of carnations {Dianthus 
caryopkyllus) to wilt. Stewart and Schindler (1956) proved it with five 
species of root-knot nematodes, vir., Meloidogyne kapla, AP jacanica, 
AI. incognita acrita, Af. arenaria and Af. incognita, separately, as a part of 
wilt complex. 

A similar instance of nematode-bacterium complex has been 
reported by Lucas. Sasser and Kciman (1955) for Granville wilt of 
tobacco. 

Aphelcnchoidts rilzomabosi, the cause of ‘cauliflower disease of 
strawberry, is chiefly an ectoparasite that lives in the folded buds. 
Pitcher (1951) has reported that this nematode is associated with 
Corjntbacteriumfascuns, with a combination of bacteria and nematodes 
holh. typical cauliflower tissue was formed. Sting nematodes 
Wetonolaimus spp.) are migratory ectoparasites. Holdcman and 
{1952, 1953) demonstrated that wilt resistant cotton variety. Coker 100 
'VR, succumbed to wilt only in the presence of B. gracilis. IltlicclyUr^kus, 
"hen associated with Pseudomonas cerjophylli, has been reported to nng 
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are reported from different localities. Chattopadhayay and Sen Gupta 
(1955) have described Mtloiiogynt incognita on jute (CoTchorus olilonus), 
Different species Mtloiiog)ne (incognita, incognita acrila, kapla, javantca, 
annaria) have been reported on potato, tomato, brinjal, ‘bhindi , 
chillies, bean, cucumber, lagenarta, radish, and Luffa sp. by Thiruma- 
lachar (1951), Pushkarnath and Roychowdhury (1958), Lall and Das 
(1959), and Lall and Ansari {I960). Nematodes on sugarcane have 
been described by Chona and Gopal Swarup (1960) and Kishen Singh 
(1960, 1967). The records of occurrence of nematode diseases in India 
are increasing fast. It is gratifying that Rajasthan is also being 
explored for the presence of plant parasitic and other nematodes. 
Yadav and Naik (1966), from the Agricultural Experiment Station, 
University of Udaipur, reported the presence of plant parasitic and 
free living nematodes in the root zone of vegetable, horticulture and 
other economic crop plants in the south-east plateau of Rajasthan. 
They indicated heavy population of Mtloidogynt, PratpUnekus, Hilicotj/‘ 
lenckus, Hoplolaimus and Tyltnchorkynchus. A comprehensive host-list of 
Xiphinma basiri and X. indteum in Rajasthan has also been given by 
Yadav and Varma (1967). 

The association of nematodes in fungal-nematode or bacterial- 
nematode complexes is a very important aspect in certain soil-borne 
diseases. Some important associations of plant pathogenic micro- 
organisms with various genera of nematode arc presented here. 

The association of Meloidogyne sp. with Fusarium oxj/spoTum f. vasin- 
Jectum was first noted by Atkinson in Alabama in 1892. Later, Smith 
(1953) noted far greater damage to cotton due to wilt-nematode complex 
than any other disease except Texas root rot. Research for combined 
resistance to Meloidogyne as well as Fusarium was thus initiated in cotton 
breeding programme. 

A similar association of Fusarium oxysporum f. lyeopersici, the tomato 
wilt fungus, with root rot nematode was reported by Young (1939). 
Harrison and Young (1941) observed that in many varieties of tomato, 
taken just after rot-knot susceptible crops like cow pea and water 
melon, damage due to wilt was very heavy. The role of nematodes as 
cooperators or synergists with Fusarium oxysporum f. nicolianae, tobacco, 
wilt fungus, also has been indicated in a report from Georgia (Anon, 
1949), where the wilt incidence was reduced after soil fumigation with 
nematicides. 
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Ear cockle of wheat, root-knots and ‘molya’ are some of the 
important nematode diseases that have been studied in some detail in 
India (Chidamparanathan and Rangaswami, 1965; Gopal Swarup and 
Kishen Singh, 1961). ‘Molya* disease of wheat and barley was first 
found by Yasudcva (1957). Prasad rf e/. (1959) reported the nematode 
to be Heterodera major (H. aienae). Swarup and Singh (1961) proved the 
pathogenicity of this nematode on wheat and barley. 

Efforts to control the nematodes have been made in India. Khan 
et at. (1967) have reported marked inhibition of larval emergence of 
Meloidogjne incognita by the oil emulsion-water extracts from the various 
oil cakes. For nematodes parasitic on sugarcane, DD and V'apam have 
been recommended by Kishen Singh (1967). Gopal Swarup et at. (1967) 
found nemafos to be very effective against root-knot nematodes and the 
ear-cockle disease. At our Research Station at Udaipur, Vadav and 
Naik (1967) have tried the efficacy of certain nematocides for the control 
of citrus nematodes (Tjlenehulus semipenelrans) and found DD, Hexanema 
and Vapam to be very effective. 

Althougb some progress in phytonematology lias been made in 
India during the last ten years, many fields of this branch are still 
untouched. We have no account of variation in nematodes. Similarly, 
the mechanism of nematode injury is another fascinating aspect that 
has received no attention. Comprehensive sur\'eys and a study of 
aspects of pathogenic complexes arc very necessary. We must also look 
for control measures which could be practised by our farmers in India. 
For root-knots, use of resistant varieties, incorporation of chillies or 
Tagetes along with other vegetables may be profitable. Addition of 
green leaves of Azorirackla indiea, Melia czarirackla, Camia fistula, etc. 
(200 mds per acre) and sasv dust (26 mds per acre) to soil infested svith 
^^etoidogjne jaraniea has been reported to reduce the incidence of root- 
knot in Okra and tomatoes in pot experiments (Singh and Sitaramaiah, 
1967). Such experiments should be extended to field investigations in 
uiany loc.iIities. 

An effective control of *Molya* disease of svheat and barley needs 
be worked om. Judging by the work done on phytonematology in 
Judia, it can be remarked that more attention is needed on pathological 
aspects of nematodes and Rajasthan, where it is just beginning, dc-mands 
immediate attention. 
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about increase in the incidence of carnation wilt as compared to that 
caused by bacteria alone (Stewart and Schindler, 1956). 

A relationship of Dilepkospora alopecuri, causal organism of 
Dilophospora disease of wheat, tvith Anguina trilui, the wheat cockle 
nematode, was shown by Aianasofi* (1925). The same nematode has 
been reported to be involved in the yellow ear rot of wheat ( ‘Tundu 
disease) by Vasudeva and Hingorani (1952). They showed that the 
characteristic symptoms of the disease were obtained only when 
Corjnebactenum tritiei and Anguina trilici were simultaneously inoculated 
into the plant. 

Pratyltnchus prattnns cause such a severe destruction of cotton 
rootlets that very often they decay off leaving a large number of 
openings for the entry of wilt fungus (Smith, 1953). 

In India, Srmivasan (1958) and Rangaswamy ei al. ( 1960 ) have 
reported the occurrence of Mehidogyne javantea and Tylenckorkynchus sp. 
on sugarcane in association with a Pytkium root-rot and chlorosis 
complex. 

In many cases, however, the association of nematodes and fungi M 
that of host and parasite, which has a bearing on certain plant diseases. 
Certain nematodes are known to subsist on fungi and those that 
parasitize mushrooms are of considerable economic importance 
{Ditylinckus spp.). 

Fungi may also be parasitic on nematodes. According to 
Duddington (1956), there are more than 48 fungi that arc known to be 
capable of trapping, killing and consuming nematodes. The nematodes 

either get stuck on the adhesive discs of fungi or get entangled in the 

loops and arc subsequently digested. Linford and his associates (1938, 
1939) showed that due to predacious action of ZJcftjeffa 
incidence of root knot disease of pineapples is lowered considerably. 
Unequivocal results about the control of HtUrodera Toslochiensis the 
golden nematode of potato, through fungi, have been reported from 
England by Duddington (1956). In India, Sachchidanand and Gopal 
Swarup (1966) have reported the presence of certain nematophagus fungi 
{C}stBpage laleralis, Daclylaria psychrophila, etc.) from Delhi soils. 

After the discovery of dagger nematode [Xiphinma index) as vector 
of grapevine fan leaf virus (Hewitt, Raski and Goheen, 1958) many 
viruses have been reported to be transmitted by nematodes (Rasberry 
yellow dwarf, tobacco rattle virus, etc.). 
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in — S ummary 

Little work has been done on nematodes in Rajasthan, though the 
soils of State are very favourable for the survival of nematodes which 
play an important role in causing plant diseases. Surveys carried out 
by the Nematology Section of the Agricultural Experimental Station, 
Udaipur, have revealed the presence of many important nematodes like 
Meloidogjne spp., Helicotjlenckus sp., Hoplolaimus sp., TyUnchorkjnckus sp., 
Rotylenckulus sp., PtatyUnekus sp.. Xipkiruma sp., Longidorus sp., Paratynchus 
sp., etc. Of these, Meloidogyne spp. are welt known in inciting root- 
knots and have received some attention in India. Many others have the 
important role of aiding various soU-borne fungal pathogens, and 
some of the well recognized complexes arc : Fusarium-Mtloidogyni', 
Rhyt.oclonia'Pratylmchus\ Phylophthora-AUloidogyne; Rhyzoctonia-Mtloido’ 
gyne\ ScUrospora-Pratylenchus, etc. 

Even in many bacterial and viral plant diseases that are soil-borne, 
nematodes are receiving considerable attention. In India, Anguina irittet 
aids the Tundu-bacterium. In Rajasthan, molya, a nematode disease 
of wheat and barley, has been studied in some detail by GopalSwarup 
and K. Singh (1961). 
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PLANT PARASITIC NEMATODES OF RAJASTHAN 


By 

Gopal Swarup Ain> C.L. Sethj 
Division of yematology, Indian Agficultural Research Inslitule, Delhi 
(With I Table) 


I — Introductiom 

Plant parasitic nematodes constitute a very important and 
significant part of the soil fauna. Inspltc of the importance of agro- 
ncmaiology, vast areas of the country arc still unexplored and lacunae 
exist in the knowledge of various types of nematodes present in soil, 
their role and behaviour, frequency, distribution, etc. Tliis is particularly 
true of Rajasthan where, inspite of a well known nematode problem 
on wheat and barley (‘molya’ disease), no intensive sun'cy has been 
done to explore the nematode fauna of soil. ^V’ith vast stretches of 
*andy areas, the soil conditions are ideal for the build-up of nematode 
populations which might become potential agricultural problems in 
the near future. However, during the last few years some sporadic 
surveys were carried out and the results of these sur\-eys, by no means 
an exhaustive one, arc reported herein and the possible problems of 
the future are indicated. 
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Diaensssoa 

Dr K.S. Kushvfaha Have we started research work on pathology of nematodes as 
tnany fungal and other orginism base been reported to control these. 

Dr N. Prasad : We hope to take vp these siudirsas ibeeftortsareDade by iheyoungtr 

trained paibologitts, but praetieany little has been atbiesed so far !n this 6eld 

Mr. S.K. Sharmi : Do the fungicides play a role in eonirol of root rot of cotton 
because Brassicole has been used in Sbrt Caoganagar District and controlled this disease. 

Dr N. Prasad : Brassicole is not a ncmaticide. Rootret of cotton is caused by a ftingui 
so Srassieol can control it as the root rot is secondary iofetiaiion of the nematode dasnagc 
but It IS not a cent percent control of the disease. 

Mr H K. Vyas i There are numerous fungi which reduce the population of 
nematodes, and in the event of inoculation of such fungi probably they may also stabilise on 
the planu, there-by becoming parasitic. 

Dr.N.Prssad . There are many fungi which feed upon the fauna of the soil. Wemust 
understand the soil which can support surh fungi on the nematodes. 

Dr. S Khera : Are there phytophagous fungi which may feed on plants as well as on 

Dr. N. Prasad i There are no record of nematodes which are both animal as well as 
plant parasitic 

Dr G.C Bhainagar : In case of wilu ofsanqgs economic plants, the role of nemaio- 
aec *unT'*****'^' ®B'nt8 for causing injury to give acceis to pathogens should be taken into 

Dr. N, Prasad : The role of nematodes in such cases deserves special attention. 
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was not isolated from the soil, yet the nematode galls generally get in 
the soil at planting time through the use of contaminated seeds and the 
larvae emerging from the galls cause infection of the grouing wheat 
seedlings. This is as serious a problem as the ‘molya’ disease. 

The results of the survey presented and discussed above clearly 
indicate the importance of plant parasitic nematodes in the agricultural 
economy ofHajasthan. htore exhaustive and intensive survey than 
hitherto reported would no doubt reveal much more the role of the 
plant parasitic nematodes in some of the unexplained causes of plant 
malady. 

Ill— SUSOIARY 

During a sur\’ey of cultivated and uncultivated fields of Rajasthan, 
21 genera of plant parasitic nematodes representing 41 species were 
encountered around the rhizospherc of various crops and trees. On the 
basis of these analysis of soil samples, Tjlen{herh;rnckus indievt, Helicetjf 
Itnckus Ttiusus and Prat^Unehus thornti appear to be potential agricultural 
problems. Besides these, the root^knot nematodes {Mtloidogjnt spp.), 
the cereal root eelworm, HeUrodera atenae (the cause of ‘molya disease 
in wheat), the car*cockle nematode (Anguine ititiei) and the curus 
nematode (Tyltnekulus smipmetrens), already well known and established 

in Rajasthan soils, arc responsible for serious losses to vegetable crops 

and wheat, barley and citrus respectively. 
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vulgaris, Pisum saliium, Prosopsis spictgtra, TTifoUum aUxandrianum, 
Trigonella/oenurti-graeam, Ltnum ustlattismum, Lo'csonia ittermis, Cossjpium 
herbactum, Morus alba, Musa paradisiaca, Pstdtum guajava, Pkctnix sylveslnx, 
Punica granalum, ju)uba. Citrus aurantifolia, C. sir.insis, Capsicum 

annuum, Xicoltana tabacum, Solannm mehngena, Cumnun cjminum, Daueus 
carota and CUrodindron splndens. 

The distribution of the gcncr.i and species of plant parasitic 
nematodes :n the State as a whole is given in Table 1. 

The distribution frequency of the different genera in the soil 
samples, based on the percentage of soil samples in which they were 
encountered, \\crc as follows : 

Tj/rncAorAjncAus (74.3%); //e/ifo//fenfAus(55.1%);f/o/'/5/i3tmus(48.7%); 
Praljlinekus (35.9%); Roljltnclmlus (25.6%); .\(ihidagrne (14.1%); 
Te/eO'/rnc/iuf (ll.Syo); lltltTodcra (\0.2%); Xiphinma {10.2%)’, Trichodaius 
(10.2%); PralyUnckus (8.9%); Ilmictitonemoides (fi.9%); XtolyUnchus (0.9%); 
ParaUngidorus (6.4%); Diphtherophora (5.1%); Ditylcnchus (4.0%); Tjlltf 
chulus (2.5%); Aphtltnchoidts (2.5%); Tyttnehus (2.5%); Crieonmotdes (1.3%) 
and Hemieyclhphora (1.2%). 

The results show that species of TyUncherhynehus and Ifelteotylenchus 
are the most prevalent plant parasitic nematodes In Rajasthan soil. 
Amongst the species of TyUnehorhynehus, T.tndicus appeared to be an 
important parasite for a large variety of crops, and particularly gram 

and cumin at Jaipur were found to support heavy populations of this 

species. Similarly, H, mu/riVinr/as appeared to be the most important 
parasite of banana. Pratylcackus Ikorrui at Bikaner was observed to be 
an important plant parasite of wheat. The soil sample from this area 
showed more than 70 per cent population of this species and wheat 
roots were found to be heavily infested with the different developmental 
stages of the nematode. The crop growth, in general, was very stunted 
and uneven throughout the held. 

Besides the above mentioned potential problems, the root-knot 
nematodes {Alelotdogyne spp.) and the cereal root eelworm {Heterodera 
avenae) are already known and well established in Rajasthan soils. 
The former is a serious limiting factor in vegetable growing in fields 
and kitchen gardens, and the latter is responsible for the well known 
‘molya’ disease of wheat and barley. 

Last but not the least, the car-cockle nematode {Anguina tritici) is a 
serious menace to wheat cultivation. Though in the present studies it 



Siddi^l, 1961 
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PLANT NEMATOLOGY IN RAJASTHAN : A REVIEW 


Bj 

S. Khera» and G.C. Bhatnacar* 
Department of University of Jodhpur, Jodhpur 

{With I Table) 


I — I NTRODUCTION 

Plant nematology has developed at a rapid pace during the past 
twenty years. Plant diseases caused by nematodes have been known 
Tor a long time, but not until recently have we had a real appreciation 
of their importance as limiting factors in crop production. 

delay in recognizing nematodes as causative organisms of plant iseases 

has resulted in an acute and vety general need for immediate answers 
to production problems in agriculture. Besides the well recognised 
diseases due to certain nematodes which cause tremendous osses 
to agricultural and horticultural crops, losses in yield may also 

occur without apparent symptoms of nematode attack. Itispossi et a 

undetected losses may be equally important or more so. Such incipient 
nematode infestations, by remaining unnoticed, may continue or years 
and, thus, prove to be more harmful economically m t c ongr 
Therefore, it is impossible to assess the economic importance of nema- 

lodes in its true sense. , . 

In United States annual losses caused to some of the 
important crops due to nematodes range from 250 to mi 
dollars. Comparable losses must occur in other parts of the go c. 
is only during the last two decades that some re.il attention as 
paid in India to this group of organisms. Tlie extent an 
nematode dise.-is^s; as we understand them to-day. leave hu e • 

■heyttreau impurteut rttelor in ttgrieultur.-,! pruduetieu tn Indt, »u<i 
"e ni.ay be confronted with many nematode problems in 
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varieties of barley and 25 varieties of oats have been screened for 
nematode resistance. Of these, six varieties of oats and three of barley 
showed complete resistance. Singh and Swarup (1964), while making 
an analysis of the soil samples from 'Molya’ infested fields, have observed 
that a direct correlation exists between population of H. avenat in the soil 
and intensity of the disease and that the nematode completes one life 
cycle in one crop season under field conditions, This nematode is under 
investigations in the State Plant Pathology Laboratory. 

‘Yellow ear rot* of wheat, popularly known as ‘Tundu’, a disease 
of nematode-bacterium complex, is spreading year after year in 
Rajasthan due to the movement of uncertified seeds from infested areas. 
Singh (1966) from Rajasthan has described the symptoms, etiology, 
perpetuation etc. of the disease. Twisting of leaves and stems, 
distortions of earheads and rotting of spike-lets, with profuse oozing of 
yellow liquid from affected tissues are the chief symptoms of the 
disease. It is known to be caused by the association of a bacterium, 
CoryntbacUrium tritki (Hutchinson) with the nematode Anguina tritici 
(Steinbuch). Singh (1966) has opined that the galls might be 
acting as a carrier of bacterium as healthy seeds in sterilised soil, when 
sown along with the galls, produced the disease. His experiments have 
shown that in absence of the bacterium, nematodes cause ‘Ear Cockle 
disease of wheat. He has further remarked that under Rajasthan 
conditions the crops were generally less attacked where the sowings 
"ere done in optimum conditions of the soil for seed germination and 
deviations from those conditions made the crop more vulnerable to the 
attack of the disease. The disease is found to be prevalent jn 
Sriganganagar. Chittorgarh, Bhilwara. Kota and Sirohi districts of the 
State. 


The prevalence Mchidogjne spp. in solanaccous, cucurbitaceous 
and cruciferous crops, causing galls on their roots, is a great menace t 
vegetable cultivation in Rajasthan. Infected plants are stunted and 
show irregular growth. Symptoms of root-knot infestations ^ 

commonly observed in hrinja) {Selanam mehngena), tomato {Jycop^st^n 

fsculejitum), okra [Abelmoscfius esailenlus), smooth-gourd * 

ridge gourd (L. acutanguta), cowpea {Vigna sinensis), carrot ( cucas ’ 

methi [Trigonella foenum-graecum), coriander 

(Tritifum sp.). barley [Hotdevm rulgare), papaya (Canca papajs). g 

natc {Punnica granatum), mulberry (Monts elba), grapes ( tits nni n 
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Rajasthan is a large State (338,413 sq. kms.) with a wide range of 
crops and a number of well recognised problems relating to plant 
nematodes are in the notice. Because of light sandy soils and varied 
temperature and moisture conditions, we may be confronted with more 
nematode problems in future. In the State there are three main 
institutions where problems relating to thb science are being tackled, 
viz.: (1) State Agriculture Plant Pathology Section. (2) Nematology 
Section of the Experimental Station, University of Udaipur. (3) Depart- 
ment of Zoology, and especially its P.L. 480 Project on Nematology of 
Millets, at the University of Jodhpur. 

II— Review of Results 

The first significant report regarding the prevalence of a serious 
disease ‘Molya’ in wheat and barley was made by Prasad tt al. in 1939 
from Rajasthan. HiteroJera ovenae Wollcnwebcr (syn. H. major) 
was found to be the cause of the disease which is cliaractcrised by severe 
stunting of plants, poorly developed root system, poor tillering and 
inhibited spike emergence. The roots show excessive short rootlets 
which give a bunchy appearance. The disease was found to be more 
severe in the light soil regions such as Jaipur, Sikar, Alwar and Ajmer 
districts. In heavily infested fields, the seedlings are destroyed just after 
emergence resulting in irregular patchy stand of the crop. 

Mathur (personal communication) reports that the disease takes a 
toll of about 50% yield and in scverly infected fields the losses are almost 
100%. In the Plant Pathology State Laboratory it has been observed 
that the life-cycle of the nematode takes 9 to 10 weeks depending upon 
soil temperature. The optimum temperature for hatching of the cysts 
is 22 C, though maximum hatching took place when the temperature 
fluctuated between 18 to 23‘’C. The percentage hatch of cysts, if stored 
for longer periods under dry conditions, declines. The field observations 
indicate that barley crop is more susceptible than wheat, although the 
multiplication of the nematode on the latter host is faster. The popula- 
tion in fallow fields falls down up to 50% in one year. If such fields are 
sown with carrot {Daucus carota) or ‘methi’ {Trigonellafoenumgraecum) as 
rotation crops, the population still diminishes and if in succeeding years 
wheat/barley crops are sown, the infection is not severe. Basal applica- 
tion of oil cakes (til, sarson and groundnut] at the rate of 1% results 
in the reduction of nematode population. 200 varieties of wheat, 100 
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obtained in vitro and a ready stock of these nematodes is now 
available for undertaking various studies. Tikyani and Khera (1968) 
have also made studies on the feeding habits of Telotylenchus paaloofi. 
Various pot experiments and other studies in relation to pathogenic 
behaviour of predominant nematode species arc m progress. 

Yadav and Varma (1967) have reported the presence of Xiphinma 
lasiri from Rajasthan on fifteen new host plants and that of A’, indicum 
on Achras sapota, Erioholrja japonica. Ficus cartca, Afangi/cra indica, Prunus 
Persica and Anona sp. 

Yadav and Naik (1966) studied the effectiveness of various 
concentrations of certain nematicides for killing of Tylenchulus 
smipenitrans larvae and observ'ed that ‘Hexanema' and ‘Vapam killed 
90-95% of the larvae within 24 hours. Similar studies were made to 
evaluate the relative efficacy of Nemafos, Hexancma and Nemagon on 
some vegetable plants Infected with Mthidogyne incognita in pots. 
Nemafos proved to be very effective in increasing yield and killing of 
nematodes. 


TheNcmatology Section of the Agriculture Experimental Station, 

Udaipur, is currently working on the following projects . (1) Studies 
on the plant parasitic nematodes commonly associated with important 
crops of Rajasthan. (2) Survey of plant parasitic and free living 
nematodes inhabiting Udaipur soil. (3) Studies on ‘.Molya’ disease ol 
wheat and barley caused by HiUrodna avenae with special reference to 
biology, perpetuation control in Rajasthan. (4) Geographical distn 
bution of Adtloidogjne spp- in Rajasthan. 


Swarup and Sethi (1968) have enumerated some plant parasitic 
nematodes encountered by them as a result of survey of some ° ^ 
crops in Rajasthan. They have observed that Tylatchorkjnchus an 
tielicolylenchus were the most predominaut nematodes in Rajast an so 
Tylmchorhynchus indicus was found to be associated with a large 
variety of crops; particularly cumin and gram had heavy popu a ions. 
iPtlicotylenchus retusus and Praljtltnchus thomei have been rep 
important parasites of banana and wheat respectively. 

Tabic 1 summarises the knowledge of plant parasitic nematodes 
recorded so far on different hosts in Rajasthan from various localities. 
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certain omamental plants in the State. Although nothing is available 
in the form of published literature on this serious problem, it is a well 
recognised fact that the root-knot nematode is causing heavy losses to a 
large variety of hosts. The problem as such deserves special and 
immediate attention. Its ultimate solution, however, may lie m the 
growing of the resistant varieties. 

Citrus decline is a serious problem in citrus orchards of Jhalawar, 
Kota and Jodhpur. The disease appears to be a complex of virus/ 
bacterium/nematodc and the problem needs a thorough investigation. 
The association of Tjtenchulus semtpnetrant is also reported with this 
disease complex. 

A ‘P.L. 480 Project’ entitled ‘Nematode parasites of the great 
millet and pearl millet and evaluation of varieties for nematode 
resistance’ is in progress in the Zoology Department of the Jodhpur 
University with the following programme of work: ( 1 ) Survey of the 
main millet growing areas to obtain the root and soil samples of the 
two millets. Analysis of the samples for plant parasitic nematodes, 
fungi and bacteria and their culturing. (2) Study of the host-parasite 
relationship of the predominating nematodes with and without the 
association of fungi and bacteria and to investigate the disease complex, 
if any. 

As a result of survey of millet-growing tracts of Rajasthan, a 
large number of nematode genera were encountered from the rhizospherc 
of great millet and pearl millet. Tikyani and Khcra (1968) observed 
that from around the roots of p-eat millet, Ttlol^Unekus paalooji Tikyani 
and Khera, Apkilenckus acenae Bastian and DitjUnchus myctliophagtiS 
Goodey were widely distributed; Hophlaimus indicus Sher and Praty 
lenckus ziae Graham were present in about 25% of the samples 
examined. From the survey of pearl millet fields T tlolyltnckiis paalooji, T. 
indiats Siddiqi and TylcTukorhynckus indicui Siddiqi were found to be 
widely distributed (Nandkumar and Khera, 1970). A new genus and 
new species, J^topaurodonlus asjmmetncvs and five new species, viz. 
Telotylenchus paalooji, Js'othotjltnchu bhatnagari, PraljUachus tnulchandi, 
Hehcol^lenchus goodi and Paurodontus aberrans have been described. 
A number of nematode species have been cultured on callus tissues 
and cultures of various fungi. Huge populations of T tlolylc^-^l^’^^ 
indicus (Khera tt al., 1967), Ditylaichus myeeliopkagus (Khera ct al., 1968) 
a number of Aphelenchs (Hkyam and Khera, 1969) have been 
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18,20.2J^2^3.26^), J. 

(14,17,20^2^91, ParapMeruiuj mjfcili 
phlhorus (10,17,26), Aplultntheidts sui- 
JrtKix (14.16,17,19,2022). Ap. asUrtcaadatuj (14,17) 
^Ui^e IZfa maps) CtUantmaiJti, HfUeatplinekas, HepMaimas, 

7jlfnchat, TpUnihothfiiehas (All froia 2 7) 

Cotton [Ceitppium spp.) CnV«e<insidiu, IMiaiyltttthus, Haplclaimits, 
Pralplenikut (Ail ffom 27) 

Crotind nut (AneAit /ftlmtplrafAat, PtatjUaehia, TjUnehu 

hP^gf) (All from 27) 

Sugarcane (^JccAarvin //r(jcef>/*8<*!U. IhplataiiKus, Tpleachut, 

•Jicuiarum) TpUnthtfkjtiuhiti (All from 27) 

Cowpea (Hjiia ii'nrRiir) spp. (31) 

Sannhemp (Crsfalari'a Htliealpltachut, Ha/Iatn'mitf, Pratpluuhiu 

JwfM) (All front 27) 

Coriander (Certan^rKin /fr/iVayi/riitABt (27), HtpMaimui (27), 
tatinim) 7>(<RcAtu (27», MelaiJagrit (13) 

Turraeiic (Orrnraa MtlUatpUtehnf, HopItUimu, TpUnt/m 

iamtilUa) (All from 27) 

Chtlliei iCaptiaim annum) Wr/iVafj-lriirABr, Hapatwm, Tjitnthus, 

AleleUtgpnt (All from 27) 

‘Methl* {TfigmlU ,U</9irf»/7«r sp. (31) 

/«rR!fiB./f«rrtBn) 

8f ^ajaU^etlm^7^ nulangana) HtliMlpUnthut <27), Haptalamiu (27), 

PfalpUnthut (27), TpUn(hutl2Jh MtMJagpn, (31) 
Okra (Ahibruitiuf HilUaipInthus (27), tiapMeimu (27), Tpltnthut 

amUntus) (27), Tplftieh»tkpntha${n). Mtletiogpnt spp. (31) 

Tomato (iyre^<rji(i;m A/r/»W<jg^>»r (31) 

asnlmtam ) 

Carrot (Deuatitarota) MtUiiogpnailZ) 

Lablab bean (ColirAas A/r/aidb^jnr (H) 

lablab) 

Cabbage (Brarjico HtlicatpUiuhat, Hfpletmnut, PtaljUnekus, 

Yar. tapaata) TpUnchas (All from 27) 

Cauliflower {BraitUa Hilitatplaathus, HaplaUimus, Mtlaidogjne, 

altracea vat. belriiii) Pralpltnehut (All from 271 

Biltergourd {AfonerJUa MehiJagjnt (27). A'tatpUntAa (27) 

eiaranlia) 

Smootbgourd {Laja Milaidogjne (31) 

ejlinArUa) 


Ridge gourd (t.a£ji/aBgBfo) AftUiJvgpne 

B»oanarA/w4pW.»i«} TpUntkchpnthustpp. (13.14.30). AMoidag^a 
(30). 7/9/>Wj.Ww*«r(l4.30).7Wi«(;(r«^ 
rf.-A^jl«ra(I4), H. iaJinu (I4^h A7. rp (13). 
H. mjcrenphahu (30), H multuinttus (30), 
yolkalylantkus sp. (W). BaUadarus sp. (13). 

PauTodonlusap.i\3).X<phiiwaebaim 

Mango {Afangifna Mica) TyUnchatkpnthut spp. (30), HaplaUi^ in^jaa 
(30), HilUatpUtha indint (14,30). H. adatpur- 


Hilicatplencbus 

dthyslera was the 
most predojnjna- 
ting nematode 

HtUeatjlmcbas 

indirus and 
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Table L— Plant parasitic nematodes recorded on different hosts from Rajasthan 

Locahtits: 1. Abu Road, 2 Ajmer, 3 Alwar, 4. Aratpura. 5. Banar, 6. Bassi, 7. 
Bhilwara, 8. Bilara, 9. Bundi, JO Chiltorgarli, 11. Durgapura, 12. Cobiodgarh, 
13. Jaipur, 13-2. Jhalawar, 14. Jodhpur, 15 KoU, 16. Lamba, 17. Mandor, 
18 Mehlan, 19. Mena eity, 20. Nagaur, 21 Naiirabad, 22. Pali, 23. Reodar, 
24. Sardarjamand, 25. Sikar, 26 Sirohi, 27 S E. plateau of Rajasthan, 28. Sriganga- 
nagar, 29 Sumerpur, 30. Udaipur. 31. DKtiibuied all over the State. 


Host Nematodes and Localities 


Wheat (Tritieum HiltrtJtra aiaat (2,3,12,13.25), dagniM Irilfti 

satwum) (7,10,26.28), MthidogyM spp. 


Barley (Harinm ciiljers] Htltradere ot-tnat (2, MSI, Mtleidagjini sp. 
Paddy(Orjeajelua) lUhnlyltachvt (27). KadapMat i27) 

Sorghum Tytntktthjntkai sp. 1 14.16,19.20,22), 

vulgari) Dilytenthui myetbtpkagut (1,2,5,9,14,16,10, 

20,21,22,29), Dliyltatkus sp. (9,14,15.16,191, 
Ptiudkalmkut oaekilispotomut I2,)4,l6.19| 

20.21) , TthtyUiuhHi indicus (5,14,17), 

T PmMI-’.5.9.H. 15,(6,17,18,20.21.22, 29), 
Hal Ulaimut todiroi <2,14,16.17,21), Stulilla- 
ntma sp (14 I6l, lltliialyUackns sp. (2,9,21, 
23). PralyUnckus uat (2.9,14.15.16,17,19,20, 

21.22) , Halkalyltitekas khatnagari (14), 
Htepautadeatia asymmaltUat (14,16), Cf(esar« 
maidts sp >2,21), Apkilenthul eatnat (1,2, 


5,8.9,)4,)5.16,17,)9.20.21.2»,26,29), 

A. raduitalus (14,17,20,29), Perapkiliatkus 
myciliaphlkanu 0,26), Apkeinchaidct 
suilenaii (I4,23,26l, Ap. asIttacaadalHt (19) 
Bajra (Pe/i«ij»(up7i Haplalaimus ndicai (U,l4.I6.l7j. Sculttla. 

lypheidis) ntma sp (14,16), IMUatyltaakaa iadiau 

(16.18,19), HiUcalylaiahtu sp. (6,22), 
Hittredna aatnaa 01,21,22), Prafytrncku 
ttea (5.14.17), P. maltkaadi 06.19), Tyleaeka- 
thynchus indttut (1,9,14,15,16,17,20,21,22, 
25), Tyleatkathynckia sp. (2,6,9,14,15,16, 
17,29), Dtiyltncbii nTcelu^LtgBS (1,2,8,14, 
15,16,17,19,20,22 23,26,29). DUjUntkaa sp. 
{6,14.16.21), TilatyUnekat udwor (2,8,9, 
14,15,16,17,22.26). T. paataafi (l.2,5.6.8,9, 
14,15,16,17, l8,19,20,22,23,26,29>.P»«BrfA<J- 
limhus onchiUtpaaamas (4, II, 14, 16), 
Pautadanlus sp. (14), Nalkatjlntkut sp. 
(4.5,6.8,9.12.14,15.16.17,20,21,22,23.26, 

29), Basilwphara sp. (6,11,14,17). 
Paratyiraehtatp tXS), Apkaltaciaj 
avanac 0, 2,4, 5,6,8, 9, 1 1, 12. 14, 15. 16. 17, 


}{. aunet cause 
‘Molya' and 
A triliii 'Ear 
cockle' diseases 


A.avinat,T.paalaaJi 

D. 

P. gtai were 
wide«iprcacl 


A. Bwnat. 

T, paalaeji and 

D. myaliapkagas 

were widespread 
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Tabu l—ConcluJtd 


Kctaadxln aod Localiti 


Falsa (Grraia luiatica) Htlieeljltathas, PratjlimcAus, TjUnchus, Tjhncho- 
thjHckvs, Xipkiarma sp. sAll from 27|, Xiphintma 
iori'i, A', in^irun 

Fig (Finis eesiea) Hilltatjlentims, HtpUlamais, Cncenmaii/ri. 

}>Utoiiogjiu,PTOtjU«ekits (All Irons 27j, Xiphinema 


Pean {Pjnis toromiRji) Cr«f«-n#ira. Hoptolaimus, TyUnchis, 

Xiphintna »p. (All from 27). Xiphmtnut bastri 
Rose (flora iniiea) Htli<eljUnchas, Tjlenehaihjnukus, Xtphiiema sp. 

(All from 27), X. basiti 


Cactus /frltre^frarAiu, Hoplalaimtu, TyleBckorkynchus, 

(TTiara-pmlia ipp.) Xipkinma (AH from 27) 

^Iru fimsaia, Eiihalrya Xipkiaima kasirt 
japanlea, .^I'ajritr offiiinali, 

PkyUantkus tmbliea, fouiuj 
ptriiea 


All these are new 
hosts for Xiphi- 
nema iasiii 


Aeh/ai tapela, E.jcpanUa Xiphinema iWirwn 


III— Scope for Future Work 

While contemplating the future of nematology, we must provide a 
broad programme of research to build up a store of knowledge an 
programme of instructions to pass this knowledge to students^ an an 
organisation of extension workers who should also be familiar wjt 
local conditions and problems. They should, in turn, make 
cultivators thoroughly aware of the seriousness of nematode P«^- 

Rajasthan can be broadly divided into four different 
zones on the bases of different soil types, climatic con itions, 
amount of rainfall, etc. Imtlally a crop-wise survey of plant 
parasitic nematodes in the different zones is the first csira e 
«ep in recognising the problems of nematodes. As ar ^as 

possible the incidence of different nematodes as well as 

perccntagepopulationalongwithtbesymptoms causedand an 

of losses, if possible, should be worked out. 

(1) constant association of the suspect organism wit t ' * ’ 

(2) isolation of the suspect organism in pure culture, ^ ^ . 

of the disease by inoculation with the pure culture o * ' 

^nd (4) re-isolation of the organism from the inoculated d.eased host 
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<MUn9p. '30l, irtwutrinaenuiJessp.l2S), Paralon’tJiins $p. 
Boleodanatp. H4,30), ParaUngidaniS »p. i28), were widespread 
Xifhtmma iatin 

Papaya (Cama papayal Mihidtgjnt app. (14,23), HtpUlamm induus 
( 13), <4r»/a>in»t liroeti <28). IMuatylinchui 
iikyUtta 1 14), //. mtiauphahu (30), Paralylenehus 
>P (14,30) 

Mulberry (Marus a/ial Tylinehathynctas ipp (13,14.28,30), Ttlelylinc/iui 

indieu 04), ilelciJagym sp (14), HopMaimiis tndicus 
(30). H»pMa,mu sp 04), HAuotyUnchus ip. (30). 

H tninaa {'ii)),ParatyUnchut tp {\i\, Xolhotylinchus 
«p (14.. £a/tarfanii sp i30), nira/aA^Varuf ip 
( ld,28), Aip^tnrma ladievfR (|4| 

Guava {Psidxvm furyaea) TiUlylnthat ( J4). HapMamus Muus (30), 

HopUAam>a »p, ( 13,U), HaUalyltnthus ipp. 

(28 30), U. dihysura (13), H Mitui (30), Prttyltnehm 
hfochyntu! (14), PatatyUathua jp. ((4), PorsnalkalyUachoi 
i^otnnm n n jp. (30), DaMaraliUs ap. (30), 

.VipAinewa 4a(iri 

arra(!LV*‘' »pp. - 14,30). TaUlyliathut indiw 

> lH).W.)frarf<fasp (30). HapWj.ma, ,„4icut (13,14), 

,p (30).// I»d,«,l30),//. iBfsre. 
aphatyt (30-. Critaatmtid,, sp. (28), Pare/oaxiAriij 
Grape* (Vu„ ««,/■„«) ^PP- >V«"ema ,.dtaum (14). X. basiri 
P f /ira) r>/MMa,Ay«a*„,pp.j,3 ,4 27,, 

ia*«w(14), IUl,rad<fa *p. (14.20), HaplaUimus ip 
^2.14, 30). HiUtatyUatkas sp. 

(30). «. laduuanM), H. tuaatayia (18). 

ParalyUnaSn, ,p. (U). tfalh,l,la,thyt »p. 

04), fi»;/o*>mj,pp (30), BaUadanidas ,p, (30). 

Paa,adonlu, .p. ( U., X.ph,Mma wd.rw-a ,14).;? 

Lime [Cu,u, auranufaha) Trilft 

J <ia) Tyln<ha,hya,kH, tpp {id). TthtjUathus , adieus 

Zia ^"•(/'e-eA„,p. (14). 

w.™ 

H,., "''"fo-'p-rai, ,w™ 113), 

S' nIZ -P- ™’- »— -P, 

• 2 . n -P. (3"). 

cZZZT -'»*■"«■• ‘-Pri (14). 

Orange (C./ras ulkuUia) T,l.,.k “ Tyhuhulus (27) 

.a./.ear 

H ‘PP- '"d-rM ( 14.30). 

ni 9 77 7^' ,30). r>I„rW«r semipL aJ 

03.2,15.17) pr’.rrraar 
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the association of the nematode Angaina tritici and the bacterium 
CoT^nebacltTium tritici is found in severe form in Sriganganagar, Chittor- 
garh, Bhilwara, Kota and Sirohi districts of the State. The disease is 
characterised by the twisting of leaves and stems, distortion of the 
catheads and rotting of spike-lets with profuse oozing of yellow liquid 
from the affected tissues. 

Meloidogjne spp. aie known to parasitise a wide variety of hosts in 
Rajasthan. The infected plants get stunted with development of knots 
on the roots. The nematode dcscrvcs.immediate and special attention. 

The survey of pearl millet and great millet fields has yielded a 
large number of plant parasitic nematodes from their rhizospheres. A 
number of new forms have been described- Some nematode species 
have been cultured in vitro. 

Nematodes of chief fruit plants and vegetables have been surveyed 
in the State. Xiphinima basiti has been reported on fifteen new hosts 
from Rajasthan. Arachis sapota. Ficus catica, Eriobotrya japonica, Mangifcra 
indica, Prunus persica and Anona sp. arc reported to be new hosts for 
X. indicus. 

It would be most appropriate to include Plant Nematology in 
curriculum at post-graduate level for students of helminthology or 
plant pathology. 
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and its identification with original inoculant, will have to be applied 
for proof of pathogenicity under strict laboratory conditions. A 
programme can then be charted out on priority and urgency bases 
both in the field and in the laboratory. Biology and life cycle studies 
of the important nematodes will have to be made so as to locate weak 
chains in the life of the parasite. Finally an inexpensive practical 
control method in the form of resistant varieties, chemical nematicides 
or a cultural or biological control may have to be evolved. 

To give due recognition to plant nematology, and especially 
looking to its increasing significance, it would be most appropriate to 
introduce the teaching of this subject either by itself or as a part of 
plant pathology or helminthology curriculum at postgraduate level with 
special emphasis on field work. The training of plant protection 
workers should include sufficient knowledge of plant nematology so that 
they can recognise nematode problems in the field. All this is possible 
only if there is a general awareness and acceptance of nematode 
problem at the scientist’s, agriculturalist’s and government levels. 

IV— Acrnow’iedgements 

Sincere thanks are due to Dr. R.L. Mathur, Plant Pathologist to 
the Government of Rajasthan, and to Dr. B.S, Yadav, Nematologist, 
Agriculture Experimental Station, University of Udaipur, for co- 
operation in supplying relevant information pertaining to their 
respective laboratories. 


V — SUMUARY 

Because of light sandy soils and varied temperature and moisture 
conditions in Rajasthan wc may expect many more nematode problems. 
A thorough consciousness of plant nematode disorders is, therefore, 
essential. 

‘Molya’ of wheat and barley, caused by the nematode Heterodeja 
acinae is the most serious plant disease in Rajasthan. Severe stunting 
of plants, poorly developed bunchy root system, poor tillering and 
inhibited spike emergence arc the characteristic symptoms. Six varieties 
of oats and three of barley have been reported to be completely 
resistant to this nematode in Rajasthan. 

Yellow ear rot of wheat, popularly known as ‘Tundu’ caused by 
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Helerodera sp., Hirschmanniella sp., Hoplolaimus indicus, Helicotylenchus sp., 
LongidoTiu sp., Meloidogynt incognita, M. javamca, Piatylenchus delaltrei, 
P‘ Ihornei, P, ztae, Rotyltnchulus reniformis, T^Ienckorhjnchus bilineatus, 
T. mashhoodi, T. brevidens, T. martini, Tylenchulus semipenetrans, Tri- 
ckodorus ? aequalis, Xipkinema basiri and A', indicum. He considers Hetero- 
dera spp. in cereals, root knot and Rotyltnchulus in vegetables and 
Tylinckulus smiptnttrans in citrus as major problems of the State. 

Nandakumar, Khcra and Bhatnagar (1969) observed feeding of 
Hoplolaimus indicus on roots of pearl millet. 
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Addendum 

The following new species of tylenchid (plant parasitic) nematodes 
have been described from Rajasthan : Pratylenehus mulehandi Nandkumar 
and Khera, 1969, PauroJontup Tikyani and Khera, 1969, J'falho- 

tyltnehus bhatnagan Tikyani and Khera, 1969, Hilteotylenekus goodi 
Tikyani, Khera and Bhatnagar, 1969. TelolyUnchus paaloofi Tikyani and 
Khera, 1970, ApheUncheides jodkpurensu Tikyani, Khera and Bhatnagar, 
1970. The first species was recovered from the rhizosphere of gramand 
pearl millet whereas the other five species were recovered for the first 
time from the rhizosphcrc of great millet. 

Large populations of TyUnchorkynchus phestoli were found to be 
associated with guar and cowpea particularly in sandy and sandy loam 
areas of Rajasthan (Sethi and Swarup, 1969). 

An intensive survey of the pcari millet growing districts of 
Rajasthan yielded the following results : TelolyUnchus paaloofi was found 
in 85%, Tylenchorhynchus tndicus in 52%. Telotyltnchus indicus in 43% 
and Hoplolaimus indicus, HelicotyUnckus indicus and Pratylenehus rnitlchandi 
in 19% of the 21 localities surveyed. Species of Sculellonema and 
Paralyltnchus were restricted to one locality. In all about 25 tylenchid 
nematode species were recorded (Nandakumar and Khera. 1970). 

Root knot nematodes [Afeloidogyne javamca and/or Al. incognita) 
occur on the roots of cowpea, green gram, guar, watermelon, muskmelon, 
pea and brinjal. Work on resistant varieties is being carried out 
(Mathur, Dalela, Mathur and Handa, unpublished). 

Yadav (unpublished) has recorded the following nematodes from 
Rajasthan which are of agricultural importance : Anguina Iritici, Crico- 
nemoides geoTgti, HmicycliophoTa transvaalensis, Heterodera avenae, H. zeae. 



SOME INVESTIGATIONS ON THE ‘MOLYA’ DISEASE 
OF WHEAT AND BARLEY IN RAJASTHAN 


B.N. Mathor* 

Regional AgriculluTol Research Station, Sriganganagar 
(With 7 Table*) 


I — Introduction 


Prasad et al. (1959) first reported the ccrcal-cyst nematode Heterodera 
atenae Wollenweber 1924, as a pest of wheat and barley crops in 
Rajasthan. Further observations revealed the eelworm to be well 
established in Sikar, Jaipur and Alwar districts of the State. It is 
responsible for a serious disease of wheat and barley crops locally known 
as ‘Molya’ disease. The yield losses to the crops due to this eelworm 
are estimated to exceed fifty percent and in severely infested fields total 
crop failures have also been observed. Over widespread areas in these 
districts the cereal-cyst nematode has obviously been attacking these 
cereal crops for many years without cultivators being aware of the true 
cause of their poor or indifferent crops. Often the unthriftmess of a 
crop was ascribed to the season, poor soil, insufficient manures or 
fertilizers or some other factor. However, pathogenicity tests conducted 
by Swamp and Singh (1961) and subsequently by the author indicate 
that the disease is directly traceable to attacks by the cereal-cyst 


nematode. 

The diseased plants are pale looking and do not grow more t 
1-2 ft. in height. In newly infested areas the disease occurs in patcties. 
however, with repeated cultivation of these cereal crops t c 
Infects the whole field. The infection starts in November w 
tt^ge larvae emerge out of the cysts and infect young see ings o 
and barley. The disease seedlings become pale yellowis -green 


*Priicnt adiulS % 

Governiuent Agricultural Research Sulioo, Durgapura. Jaipur. 
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another at Govindgarh were selected to study the decline of the popula- 
tion of the cereal-cyst nematode under fallows and non-host crops. 
Soil sampling was done in both the fields in October before the 
commencement of the trial and the results indicated a uniform infestation 

in both the fields. Soil samples %vere washed for the determination of 

eggs and larvae as described byGoodcy(1963). Carrot (Daufw caro/a L.), 
fenugreek [Trigonella fotnum-gratcum L.) and gram (Cicer anetinum L.) are 
generally grown by the cultivators of the area, and hence these crops 
were included in the investigations. The layout of the experiment was 
randomised block design and six replications of each treatment, viz. 
fallow, carrot, fenugreek and gram, were taken. The population of the 
cehvorm in the soil at the end of the season was determined and the 
results are presented in Table I. 

For varietal resistance screening trial, soil samples from six 
.randomly choosen infested sites in Rajasthan were collected in t e 
.month of October in 1967, and stored out of doors in large cement pots. 
In November each soil was thoroughly mixed and the number o eggs 
and larvae per lOOg of soil sample were determined according to 
Goodey (1963). Table 2 show the origin and level of cereal-cyst 


nematode infestation. 

Andersen in Denmark used for many years and found the 
clay pipes the best for testing the resistance to the cereal-c>st nema o . 
Similar porous, non-glazed clay' pots of 30 cm length and 5 cm in 
diameter were used during this trial. These pots were filled 'vitn 
infested soil, 120 varieties of wheat belonging to Tnticum urum. 
T. T. diococeum, T. turgidum and T. sphcurococrum species, 

varieties of barley belonging to Hordevm rulgart and H. distichon ’ 

2nd 15 varieties of oats were tested for resistance. 1“^ rve 

iterilis, petkus spring rye, Timothc, English rye grass an^ a Three 
grass were also included. The tests were replicated three 
seeds were sown in each pot of which only one see mg w 
pot. Pots were watered as necessary and during the ® 
plants were dressed svith a granular mixed fertilizer. = about 14 

"ere examined for the development of cysts on the roots a 
"rek, of planling. The above ground puns of |h' p an J 
and the clay pots were soaked in a tray of water an 
^)sts on the roots were counted- 
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colour with poor root formation. A number of small rootlets develop 
giving the roots a bunchy appearence. The diseased plants do not 
tiller well. The roots of 2-3 month old plants show white female bodies 
of the nematode adhering to them. The female bodies later on turn 
brown and remain in the soil to infect the host crops in the following 
years. In the diseased plants no or very few grains are formed. Barley 
crop has been observed to be more adversely affected by the pest than 
wheat crop. 

Bhatnagar tt al. (1965) working in Rajasthan tested the resistance 
of one hundered varieties of barley (both Hordtum vulgare and H, distichon) 
in infested fields at Durgapura Farm and showed that the two-rowed 
varieties. Prior A.Q.. 1127, A.Q.. 253, Research A.Q,. 853 (belonging to 
H. distickon) were resistant to the attack of cereal-cyst nematode. These 
workers indicated that with this resistant material a breeding programme 
for the evolution of nematode resistant barley could be initiated. 
However, the author found that in many infested fields of the State the 
cereal-cyst nematode was able to multiply strongly on these varieties. 
This might suggest the existence of variability in the pest and occurrence 
of biotypes. 

Variation in pathogenicity of the cereal-cyst nematode has been 

clearly demonstrated by European worken (Andersen, 1959j Cotton, 1962} 
Kort et al., 1964; Fiddian and Kimber, 1965). It is necessary to study 
the variability of this parasite before initiating breeding programme. 
To ascertain whether any such variation occurs in our State, the 
varieties have to be tested against ccreal-cyst nematode populations 
fiom different sites throughout the infested districts of the State. A 
start has been made in this direction in the present investigations. 

During 1966-68 inclusive, experiments have been conducted by the 
author into the effect of fallowing, growing non-hosts on the population 
of the eelworm and screening of the existing varieties of oats, wheat 
and barley for resistance against this disease. The field trials in 
connection with these investigations were conducted on cultivator’s 
fields in Jaipur district heavily infested with H. actnae. The laboratory 
and greenhouse studies were performed at the plant pathological 
laboratory, Durgapura, Jaipur. 

II — Material and Methods 

During rail 1966-67 one culth-ator’s field in Rampura-Dabri and 
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2. Varietal screening in oats, barley, wheat and other grasses 
Table 2 . — Origin of six soils and level of eereal-ejsl eelicorm population 


Soil No. 

Ortfcin 

No. ofegjt and larvae per 100 g. of soil. 

1. 

Anstpurs 

1380 

2. 

Bairath 


3. 

CoTiodgarh 


4. 

Ne«n-ka-Thana 


5. 

Rampura-Dabri 


6. 

Srisiadhopur 



Tabu 3.-X„mhT tfnrj} tjsU »/H. avcnac/ormi m three phnt reels of eat 
varieties and Avena slcrilis 


garb Tbana g 


C.I. 3093 0 

Cl. 2134 0 

Cl, 8443 0 

C.l. 3449 0 

Cl. 5180 0 

W. 575021 0 

C.I. 2863 0 

P-I- 185775 2 

Ct. 3194 0 

P-5. 1W897 0 

P.I. 175024 0 

P-l- 181004 70 

P-I. 175022 0 

Sun II 0 

PI. 181003 0 

tlttilis 10 


0 

0 

0 

0 

0 

0 

0 

0 

to 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

3 

2 

0 

0 

0 

0 

0 

0 


0 0 

0 0 

0 0 

0 0 

0 ® 

0 0 

0 0 

0 0 



(<t) Oats 

During „j; 1967-68, fifteen oat variuliu, and „d 

tested for resistance. All these varieties except un 
to be resistant against all biotypes of the Isether an 
(1964). _ • • 1 P I 2154, 

The results indicate that origin) and 

C.I.3445, C.1.3449, C.I. 5188. P.I. 175021 

C'l. 2863 (Argentinian origin) showed rcstsiance ofP-I- 185775, 

tions. Occasional cysts were observed on the roo 
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III — Results 

1. Effect of fallows and non-host crops 

At Rampura-Dahri, the percentage decline in population under 
fallows, carrot, fenugreek and gram was 49.66, 54.50, 54 and 53% 
respectively. In the trial conducted at Govindgarh the percent fall in 
population of cereal-cyst nematode under fallows, carrot, fenugreek 
and gram was 50.66,55.50,54.00 and 52.50 respectively. However, in 
both the trials no significant dilTerence was observed between the 
different treatments. 


Table I, — Decline in the infestation of soils in one year under fallows 
and non-host crops 


Location of experiment 

Rampura.Dabtl 

Govindgarh 

Treatment 

% decline over 



initial population 
(a) 

initial population 

(b) 

Fallows 

•19 66 

50.66 

Carrot 

54 56 

55.50 

Fenugreek 

54.00 


Gram 

5300 


Standard Error (mean) 

1.56 

1.56 


1 % 7 % 


(The initial population at Rampura-Dabri and Govindgarh wa» 2310 and 3S80 eggs and 
larvae (per 200 g of soil) respectively (a) and (i) are average decline percentages of6 

KB —"ne decline of population in diflerent treatmenit in both the trials is not statistically 

The results indicate that if a held infected with cereal-cyst 
nematode is kept fallow or sown with non-host crops (carrot, gram and 
fenugreek), the level of celworm infestation may fall down by about 50 
percent in one year, and that the population decrease may even be upto 
55 percent. The data of the decline of the population in the different 
treatments of the trials do not show significant differences among them. 
From the results, it may be inferred that although growing non-host 
crop reduces the level of the eelworm in diseased fields, it does not have 
any extra influence in the decline of population of cereal root eelworm 
as compared to fallowing. 
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Table 4.~XiimbeT of ntw cjsts oJH. a\t.nzt on three plant roots of 
bailej taiietus 




Anaipura Bairaih 
1 2 


Govicd- Xeem-ka- 

gaih Tbaoa 

3 4 


Ramrura- Sri- 
Dabn madtopur 
5 6 


i!orocco C.I. SS02 
Marocaine 079 C.I. 8334 
Staljfrkontfolleni Alfa 
Kroa 

P.1. 233526 
ai.35l5 

Dcmt 

Ffro 

Rea 

Hacna export 
GoldfoUC.1, 928 
Ogalittee C.I.7i52 
1-B D.N.61N0.14 
Bwley 191 
Ariaaa C.I. 2524 
Hena 

Maja 

Opal 

Qulaa Cl, 1024 
Hatlaao 43 
A Q.. 230 
A-Q. 378 
A.Q.. 679 

A. Q. 763 
A-Q 769 

AQ..800 

A Q.. 1 127 

B. 19 
B. 52 
B.6I 
B. C67 
B.eCB 
E. 675 
Be. 1 
BR.22 
N'P.l 

N' P. 103 
f'’P. 104 
Prwe 
Boeareh 


• Bou were brokeo. 
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P.I. 175024 (Indian origin), P.I- 194897 (Elhiopian origin) and Sun II 
varieties of oats. P.I. 181001 carried a large number of cysts in 
Anatpur.a soil and bore none in other soils. C.l, 5191 bore systs in 
Bairatli, Keem-ka-thana and Srimadhopur soils but tlid not carry cysts 
in soils from other sites. P.I. 175022 and P.I. 181003 produced cysts 
in Rampura-Dabri and Govindgarli sods respectively, but did not 
produce cysts in other soils. Aetna strrilit bore no cysts in Ncem-ka- 
thana soil and only a few cysts in Bairath and Govindgarli soils where 
as it produced a large number of cysts in Rampura-Dabri and 
Srimadhopur popul.itions. 

(b) liarlty 

During the tests 112 varieties, both Indian and exotic, nerc tested 
for resistance. These included barley varieties used by Kort it at. (19G4) 
in the Netherlands and by Bh.nnagar n at. (1965) in Indi.a. Sixty nine 
vaTlcties carried a large number of cysts in all the six populations and 
were termed as highly susceptible (their results arc not given licrc). 
roTty-thrcc barley varitics show dilTcrences in susceptibility towards 
the diflercnt populations of the ccrc.nl-cyst iicm.atode. 

The results indicate that 5 barley varieties. ti 2 . Morocco C.l. 3902, 
Marocainc 079 C.l. 8334, StatsfrLontrollcm Alfa, Kron and P.I. 253026 
showed resistance against all the six populations of the nematode. 
Occasional cysts were produced on the roots of Fere, Rc.x, Goldfoil C.l. 
928, I.B.D.N. 61 No. 14 and B. 668 varieties of barley in the difTcrent 
soils. Although N.P. 104 barley carried moderately large number of 
cysts in Srimadhopur population, it bore only one cyst in Anatpura soil 
and none in other soils. Og.-iliiscc C.l. 7152 b.trlcy produced only in 
Anatpura soil. Herta, Kcnia, M.aja and Opal varieties of barley 
carried a large number of cysts in Anatpura, Bairath, Neem-ka-thana 
and Srimadhopur soils but produced relatively fewer or no cysts in 
Govindgarli and Rampura-Dabri population. Prior barley did not 
produce cysts in Srimadhopur soil where as A.Q^. 1127 did not produce 
cysts in Neem-ka-thana popul.ations. Rese.irch barley did not bear 
cysts in Srimadhopur soil and only one cyst in Govindgarh soil. 

(c) Wheal 

Of the 120 varieties, both Indian and exotic tested for resistance, 
none proved to be resistant to all the six populations of the nematode. 
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TnHt 6.—Kumbir of cysts of H. avenae on thru plant roots of Pitkus spring 
rye, Timotke, English rye grass and Italian rye grass 


w 

1 

Bairath 

2 

Govind- 

garh 

3 

Neetn-ka- 

4 

Raoipura* 

Dabn 

5 

Srimadhopur 

6 

Petkus 


22 

61 

9 

5 

6 

Timothe 

15 


3 

13 



Eoglisli 







rye grass 


0 

3 


° 


ItaliiQ 







nrp.,. 

* 

6 


* 




X denotes broken pots. 

grass did not carry cysts in Bairath and Srimadhopur 
^pectively. 


IV— Dbcussioh 

/. Effect o/fathxing and sowing non-host crops 

Hesling (1958) estimated the population .L 

wmatode. under fallows or non-host crop to be about ’ 

IJuggan (1958) working in field and inicroplots . gQ,/ 

th. population of the nematode. In his trial 52. 53. 50. 48 nndtU 
decline in population was obscrs-cd under lucerne (inicrop . 

(field plot), fallows, rye grass-coctsfoot-clovcr obser\-ed 

"speclivciy. Similar decrease in the level of mfesiaHo jggjj^ 

ticdcr lucerne and root crops (potatoes and beets) y ” ' under 

The results reported herein arc in line with these ^ ccreal-cyri 
^(ajasthan conditions a minimum decline of about o o ^jlhougb 
population in one year in different ueatroents non.bwt 

‘he decrease in population was observed lobcslig ty do not 

‘^op than in fallow's, in both the trials the dec loe pc 

show significant differences over faliowinz. ^ ^ sane as 

‘fasons of decline in population under these non-hosts 

“Oder fallow. . ^vironmenta! 

Second stage larv'ae of H. estnae under tJ,c 

'ondidoas emerge from the cyst and move about i 
*'arch of host roots. In the absence of hosts l «- cf this 

and thus account for a major decrease o po x.. ceresi-esyii 
in .on. The ,n=er5»« of Inrcac .» 
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10r> wlicat varieties produced large number of cysts in all llie stx 
population and svcrc termed as highly susceptible (their results arc not 
gi\cn here). However, the 6 varieties and C lines of wheat showed 
differences to the diffcreni populations of the nematode. 


Tailf 5.~SumbfT o/cjslt e/H. avenac en thru pleni restt cf tchtat esruitts 


An»»pur» lUirmlh CtOMr*!* 

t 7 » 


Nrrm.ti. 

Th»n» 


R«mpur». Sf»- 
D»bn 

5 6 


CA 50 
CC ’03S 
It D 254il-l«C’ 
S Oil 

(to S8-I62I 
DKacf durum 
li.D 67.175 
Lera 5 63 
Lera 9,b3-5 
Lera C 63 
Leret 2i'63 
Lcrot 7 63 
Urns 63-3 


175 70 

370 70 

336 to-) 

CO It 

334 IW 

S3 54 

2» 120 

24 5 

16 0 

18 I 

It 0 

50 0 

20 0 


U 25 

0 S3 

0 93 

0 45 

21 297 

33 21 

>3 27 

0 .'2 

0 2t 

0 56 

0 II 

0 5t 

0 3 


53 9 

42 73 

90 17 

9 9 

9 0 

0 6 

BO 9 

2 M 



The results indicate that all the varieties carried a large number 
of cysts on their roots in Anatpura soil, and all except one line (Loros 
9/63*3) in Ncem-ka.thana soil. Tlic lines of Loros did not produce 
cyst in Govindgarh soil, and either none or only occasional cysts m 
Dairath and Rampura.D.abri soils. In Snmadhopur population the 
Loros lines produced from a few to quite large number of cysts. H.D. 
38*1621 and 62*123 wheat varieties also did not carry cysts on their roots 
in Srimadhopur popuhiiion. Dwarf durum variety did not produce 
any cyst on its roots in Rampura-Dabri population. C.A. 50. C.C. 
308*3, H.D. 25-63*1961 and S.33I did not produce cyst in Govindgarh 
population. 

(d) Olhn grassts 

Petkus spring rye, Tlmoihc, English rye grass and Italian ryt 
grass were tested for resistance. 

Petkus spring rye. produced cysts in all the five obserAxd populations. 
The roots of Timothe did not produce cysts in Rampura-Dabri soil. 
From the results available it is clear that English rye grass and Italian 
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reported earlier by Bhalnagar ei a/. (1965) were found to be resistant 
against only one or two populations of the state. 

In wheat the situation so far is not very optimistic, and of all the 
tested varieties none was resistant against all the six populations of the 
nematode. The Loros lines found to be resistant by Holm-Nielsen 
(1966) in Denmark were found to be attacked by 2-3 local populations 
of the cereal-cyst nematode. , 

The results provide enough evidence of the existence of % ana i ity 
of the cereal-cyst nematode, in this State. The author tried t e 
differentials used by Andersen in Denmark and Kort el el. m t e 
Netherlands, with the intention to base the results as much as 
on the results of these workers- Howe\-er, the data indicate * * 

physiological specialisation in Rajasthan is much too different eit ^ 
Denmark or the Netherlands. Using the cereal differentia $ use y 
European workers the situation in Rajasthan is summarise in a e 

7.-R,alicn! cfcTial tnJkMr rarulu! <« hvovm EMrtpm Ihljpis ani 
la 6 digmut pcpahtiins »/H. avenae m Rajasihm 

R ■ Rniitiat, S • Susceptible, — “ «»«* tested 


Tedicator 

Wriety 


DENMARK NETHERLANDS 

-j — n — 


. A f A 5 T H A H__ 


SuoII 0»is 
*’*jb;erg Droit barley 
181 barley 

Herta-Mij, Opal Kcoia 
barley 

1B.DJ;. 61 No 14 barley 
ilwocco C.I .3902 barley 
RS 17 ’ 

RS 31-1 urheat 


As would appear from the above data popula ‘ -j^gse popula- 
E^iraih, Govindgarh and Ncero-ka-thana arc » en ,}jgje populations 
'tons closely resemble the biotype D of Kort rt e • ^ jgj barley 

*30 not produce cysts on Sun II oats. Pajbjerg Drost 
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nematode has not been shown to be influenced by root exudates of host 
and non-]iost crops (HesHng, 1957). The results reported herein 
provide an evidence to the view and indicate that exudate from non- 
host crop like carrot, fenugreek and gram do not influence the emergence 
of larvae from cysts in the field. It may, therefore, be inferred that 
the decline in population in non-host crops is to be regarded simply as 
the effect of fallowing. 

However, in the districts of Rajasthan, where ‘Molya’ disease 
occurs, wells are the only means of irrigating the crops. Obviously, 
well irrigation when employed in a conservative way, i.c. by using a 
pair of bullocks to pull out a 'charas* full of water, has its own 
limitations with regard to the area covered under irrigation. As such 
one year crop rotation with carrot on fenugreek, or gram is recom- 
mended for economic reasons. It was observed that the cultivator 
could take a moderate crop after one year rotation with these non-host 
crops. 

2. Varietal resistanet studies 

Andersen (1961) defined a resistant plant in which a nematode is 
not able to form cyst or a plant on which only a small number of cysts 
are produced. The same definition is adhered to in these investigations. 
According to this definition a resistant plant does not necessarily escape 
damage, but very often resistant plants are some what less damaged 
than the susceptible ones. 

Among oats eleven varieties, viz. C.I. 2095, C.I. 2154, C.I. 3445, 
C.l. 3449. C.I. 5188, P.I. 175021. C.I. 2863, P.I. 185775, P.I. 175024, 
P.I. 149897, and Sun 11 were found to be resistant to all the six 
populations. All these varieties except sun 11 oats were found to 
be resistant against all the biotypes found in the Netherlands by Kort 
et al. (1964). 

In barley five exotic varieties, viz. Morocco C.I. 3902, Marocaine 
079 C.I. 8334, Statsfrkontrollcns Alfa, Kron and P.I. 253826 showed 
complete resistance in the six populations of Rajasthan. The first two 
varieties were shown by Kort et al. (1964) to be resistant to all the 
biotypes of the Netherlands, and the remaining three varieties against 
A, B and D biotypes. The other promising varieties which showed 
occasional cysts are Pero, Rex, Goldfoil C.I. 928, I.B.D.N. 61 No. 14 
and B. 668 of barley. Prior, Research and A.Q,. 1 1 27 varieties of barley 
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\'I— Summary 

‘Molya’ disease of wheat and barley caused by Htterodera arenae 
Well., is responsible for enormous yield losses in Sikar, Jaipur and Alwar 
districts of Rajasthan. Severe stunting of plants, poorly developed root 
system, poor tillering and spike emergence are the symptoms of its attack. 

Decline in the level of eelworm population under non-host crops 
(carrot, fenugreek and gram) and fallows for one year under field 
condition was studied and the results indicate that if an infected field is 
fallowed or sown tvith these non-host crops the level of infestation will 
fall by at least fifty percent in one year. Population decrease under 
fallows and non-host crops did not differ significantly and it is inferred 
that the decline in population under non-host crops is to be regarded 
simply as the effect of fallowing. 

Experiments for varietal resistance using different populations o 
the cereal-cyst nematode indicated that eleven varieties of oats and five 
varieties of barley showed resistance to all the populations of H. avmi 
obtained from six different localities. The results also clearly demons- 
trate the occurrence of physiological differentiation in cerea cyst 
nematode in Rajasthan for the first time. 
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varieties and produce a high number of cysts on Herta/Maja/Kenia/Opal 
and RS 17/RS 31-1 varieties. However, these populations differ from 
the biotypes D found in the Netherlands because the barley variety 
I.B.D.N. 61 No. 14 mentioned as susceptible to biotype by Kort el al. 
did not carry any cyst in these soils. 

Rampura-Dabri population does not produce cysts on Sun II 
oats, Pajbjerg Drost, 191, Hcrta/Maja/Opal/Kenia varieties and 
produces cysts only on RS 17 barley and RS 31-1 wheat. The popula- 
tion present in Srimadhopursoil produces cysts on 191, Herta, RS 17/RS 
31-1 and docs not produce cysts on Sun II and Drost. A comparison 
with the reactions of known European biotypes reveal that the 
populations from Rampura-Dabri and Srimadhopur do not resemble to 
any biotype of Andersen and Kort et al. and appear distinctly different. 

From the above disctission it is clear that physiological differentia- 
tion ol cereal-cyst nematode do exist in Rajasthan State. The 
conclusions regarding the number of biotypes present in the State are by 
no means final, and the whole situation regarding the number of races 
occuring in the province will only become clear when more popula- 
tions of H. avenae from sources throughout the State will be tested. 
Further work on these lines is in progress. As a result of the present 
investigations resistant varieties, both in oats and barley, have been 
found which may serve as a starling point for breeding for resistance 
against cereal-cyst nematode. 
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I — Introduction 

A lot of work is being carried out in Rajasthan on insect pests but 
little attention has been given to nematodes affecting vegetables, 
particularly in the western part of Rajasthan. An attempt has been 
oade here to find out the nematodes parasitizing common vegetable 

plants. This will facilitate healthy growth of vegetables. 

Emphasis is laid here on the main plant parasitic nematodes, but, 
where possible, notice has been taken of the free»living forms oun in 
wsociation with the plant parasitic nematodes. These include usually 
tlie members of the families Acrobelidae and Cephalobidae. e 

genera Tofiri/uj and Dcy/aimur were also recovered. ^ r i f 

Yadav and Naik (1966), while surveying the association o pan 
parasitic nematodes svith economic plants in south-east P ** 
Rajasthan, reported Helicotjlenchus.HopMaimus. 

chillies; Afeloidogyne sp. in melhi; Hoplolaimus, Praty enc us, J 
2nd Meloidagjync in brlnjal; Meloidogyne sp, in carrot; and j ' 

fiophlaimus, Tylenehus, Tylenehorhynchus and Meloidogyne *PP‘J° ' 
These genera, were also recovered by these workers aroun o 

tomato, cabbage, cauliflower, bitterguord. smoothgu . 

•■Idgeguord. 


II— Results 

The authors found Meloidogyne sp. ^faenum- 

^‘longena), okra (Abelmosehus esculenlus) and methi {Tr^ 

i^aceum). The plants associated with this ncmato cs ° . 

'Unthrifty growth in the fields. Symptoms of dja^nostic. 

*^«matodes with their hosts were less marked and enc 
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Dr. K.S. Kushwaha : WhileacretTung the varieties for nematode resbtanee, have you 
also studied the faclon, iateroa} constitution or exteroai morphological characters responsible 

De.B.N Utlhur- 7t isonJy the genetic character which har to he studied. No mor- 
phological characters are so far known to disltnguisb resistance to M. acence I am intending 
to work Out cbromatogtaphic characters. 

Dr. S. Kbera : Has the resistant gene in wheat variety been associated wiih any 

Dr. BJJ. hfathur : No. 

Dr. S. Khera : Have you taken account of the yeild also while delerinining resistant 
varieties? It is just possible that there may be a large number of cysts and still the yield 
may be excellent. After all it is a matter of economics. 

Dr. hlaihur ; The experimeoi was done wirb a limited number ot varieties. It 
was found that plants having 5«7 cysts escaped damage and those basing more than 7 cysts 
had stunted growth. 
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The infection resulted in stunted and unthrifty growth of the plants in 
the fields. The symptoms of association of other nematodes with their 
hosts could not be perceived. 

The authors report for the first time the association of a number 
of nematodes ^vith several vegetables, 

V — Reference 

Yidav, B.S. and Naik. S.M. 1966. Nemaiodetaisoeiated with ecooomic plant* orMuth-eait 

plateau of Rajaaiban. X45&r ^ 
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The plant parasitic nematodes recovered in and around the roots of 
vegetable plants by the present workers are listed in Table 1. 


Table 1. — List of the plant parasitic nematodes found associated 
with vegetable plants in Jodhpur 


Host 

Nematode 

Carrot {DaatMS terala] 

Aptuicnehus avsnae, TyUneharhynekus sp. and 
Haplataiims iniicus 

Chillies (Capsicum anum) 

BottaJenis sp. and HeUcalylenchus sp. 

Brinjal milongma) 

ApktlenehaiAcs spp. and MslaiJagynt sp. 

Potato (Solanum tuhensum) 

Apktlenchus eBcnac and Dityhnehus sp 

Okra (Aiilmasehus ascultnlus) 

TyUncharhytuhns sp , Aphcltnckus avtnat and 
MetaiJagym sp. 

Radlsk (Rapkanas aativus) 

AphtlmehaiJts spp , Tyltnekarhynehui sp., Apht’ 
Unakus actnaa 

Meiht (Tritanalla /ainum-gractum) 

AplutenekeUts sp,, A, suhttnuis, A. ititsyli 
Xipkintma sp. and Mitatdagyni arenarla 

Mustard (Brassica campssitit) 

ApktlfnckaUci sp. and Aphtltnekus aasnaa 

Spinach (Splnaeia eleracea) 

AphtUnehtidts ksssryl, A. sp. and Baliodarus ip. 

Onion (Atlim crpa) 

Pfotkatylcnchus sp. and Bthadorus sp. 


Observations on Meloidogjfne sp. galls on meMt, brlnjal and okra 
roots in Jodhpur indicate that probably this nematode infests these 
plants all over the Rajasthan. The authors report, for the first time, 
the association of various plant parasitic nematodes with potato {Solanum 
tuberosum), radish {Raphanus sativus), mustard [Brassica eompestris), spinach 
ISpinaeia oleracea) and onion {Allium cepa) from Jodhpur. 
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IV — SOUMARY 

The authors found Meloidog^ne sp. galls on brinjal [Solanum 
melongena), okra (Abelmoschus eseulenta) and melki [TrigoneHafaenum-graecum). 
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I— Introduction 

To bring about a downward trend in a population of pests, 
natality can play a more important and effective role than 
Our experiences in past with insecticides have compelled us to s i 
strategy from mortality to natality. Several chemicals ave e 
screened and found very effective against certain insects. Cheraosteri 
call for several aspect to be considered, before they are emp oye 
the purpose. The main idea behind the use of an insectici e 

obtain a kill, whereas in case of chcmostcrilants the toxicity 

'Usqualification. A chemoslerllant should only 

physiology of the insect so as to male them incapable of rep 

without interfering with other physiological aspects. 

II— Resucts 

All over the world attention is focussed on the 
effects of chemicals capable of sterilising the pest „ qq the 
been able to attract many entomologists in this e ' carried 

^5ects of apholate and tepa o„ gea^hoppats and -ato 

m the Toxicology Laboratory of Zoology P .-rising results. 

Rajasthan, have revealed very fhemosterilants to 

''e have been able to discover the doses of both 
sterilize these insects. 
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I —Introduction 

The desert contains a developed and characteristic biota 
nmltilude of environmental niches. The growth forms of plants ranje 
from grasses through shrubs, succulents to small trees, forming 
nities according to soil types and salinity of the soil water ( uro « , 
1967. 1968). . . . 

Ecologically the desert appears as a simple habitat ut e 
inhabiting life periodically faces the problems of 

temperature, decline in the quantity of food, and scarcity or a sene 

for most p.irt of the year. Unquestionably, the season 
iasulTiciency of nutritionally adequate food would lead to ma • 

*tar\ation or death, whereas scarcity of water induces migra 
dehydration, and prolonged water deprivation is usual } ata . 

Cultivation in Rajasthan is dependent on monsoon ^ 
Therefore. „ock farming plays a significant role in the 

More than two-thirds of the area being arid or scmi-an ’ ^ m 

stock brings a multitude of problems. To assess an 
utilise the animal resources in the State, fundamental i .umjaants 

‘he requirements of the animals, particularly . \viiJ 

that arc closely associated with their masten. . I, 

'^ngujates such as antelopes or donkey or other rumtnativ 
hecotne nice biological laboratories for studies. much of the 

Recently the author (Purohit. 1968) pointed ‘ Dcjrrt ha'-c 

I'bdies on the biology of animals living in the Great " ^ UjjJj 

concerned about documentation of the nstu.a » 


,«cr2ooJeCT» Crirerno 
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is added on the food and water requirement of mammals. In general, 
much of the available literature on the physiology of desert mammals is 
on rodents living in the Northern Hemisphere. There is some physio- 
logical information on camel and sheep as desert ungulates (Schmidt 
Nielsen, 1964; Macfarlane, 1968). While rc\-iewing the information on 
the biology of mammals in the Great Indian Desert, it occurred to the 
author that we need to know bow our %vild and domesticated mammals 
meet their nutritional requirements, particularly during summer 
droughts. Here the author outlines the problems of water, salt and 
nitrogen encountered by the desert ungulates, and discusses possibilities, 
rather than make a comprehensive statement, on the utilisation of the 
animal resources. 

11— Habitat akd Diversity or Undulates 

Hoofed mammals or the ungulates gregariously live in herds. 
Except for the domesticated cattle, goat, sheep and donkeys, others are 
nomadic, cursorial beasts, expenencing striking ecological contrasts and 
extremes of temperature in their vast geographical ranges. The folioMOg 
species are common in the Great Indian Desert : the Indian Antelope, 
Antilope eersicapra', the Nilgai or Blue Bull, Botelptis iragocamelusl the 
camel, Camelus dromedariaf, the Indian Gazelle, GazfUo gaziH^i the 
sheep, Orif arienes; the goat, Capra kircus; cattle; Asiatic wild ass, Egaus 
hmonijj; and wild boar, 5uj scrofa erislalus (Table 1). 

HI — Food as a Source of Energy and Protein 

Information on food of ungulates (Table 1) reveals that feral as 
ss-ell as domesticated ungulates are herbiTOrous and prefer grasses and 
parts of deep rooted plants such as Prosopir and ^izjphus species. 

Cellulose is one of the largest energy-yielding component of 
terrestrial green plants. The utilisation of cellulose by animals is, 
therefore, a subject of great importance. Unfortunately, no vertebrate 
secretes an enzyme system which will attract the ^confriguration of the 
1-4 glucosodic linkages of cellulose and so libra te energy. However, during 
the course of evolution, some herbivorons verteberates have overcome this 
absence by adopting symbiotic anaerobic bacteria as their cellulase pro- 
ducing tissue. The microorganisms are harboured in digestive tract and 

nourished by the host, and the host. In turn, receives fermented products 
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needs, it is now agreed that ruminative animals do not have to be fully 
dependent on exogenous nitrogen supply. The fermented food when 
hydrolysed in the true stomach also kills microorganisms and, thus, 
provide bacterial protein. Furthermore, the nitrogen can be supplied 
•n the form of ammonium salt or urea. Studies on camel (Schmidt- 
I'lielsen r/ a/., 1957 j^ sheep (Houpt, 1959; Hogan, 1961) and ruminant- 
Uke macropods (Brown and Main, 1967; Purobit, 1969) have con- 
firmed that when protein depicted or feeding on low protein diet 
urea produced by the animals is retained. The endogenous urinary urea 
can then diffuse through the gut-wall or may enter the rumen or 
fermentive chamber via saliva. In the presence of adequate amount of 
energy, the urea-N may be transformed into bacterial protein and then 
utilised by the host. 

Unqeustionably, such physiological regulation of the endogenous 


«rea attains considerable signiBcaoce, particularly during summer 
droughts, when plants arc declined in energy and nitrogen contents. In 
extreme conditions, this may become a deciding factor for survival of 
‘fie population. Data on this aspect of the phenomenon are still rare. 
J^innear and Main (unpublished) found that at the height of the mid- 
Jumtner droughts on the East Wallabi Island (Western Australia) the 
Tammar wallaby {Macroptu eugenii) arc protein depleted, and that at 
such times they recycle urea nitrogen. Under laboratory conditions, 
‘fie author observed that the Tammar wallaby also recycle endogenous 
urinary urca-N and thus supplement their protein needs (Purohit, 1969). 

Leaves of Z^^p/sus have high protein content (14.5-H.9g%) 
pod, of Prosepis spUegoa have 68-70% of watcr.^ Raheja and 
cu (1964) reported that important perennial grasses in Rajast lan 
Las'wus sindicus. Sthma naresium. DUharJhhm ennuletua. Cmkrus 
C. utigerus. and Paniatm cntidoUle. These gr-sses are nutritious, 
palatable and productive. These can withstand severe grazing on 
uhy established. No information on nitrogen and water conien 
Available. Nor do we know about the protein needs of 

it seems likely that protein level in the vegetation "i ' 

rough the season in which case it might be c-xpeetc t at ‘ 
f in diet would occur. The preference of the ungula«» for d«p 
“W phnu such as P„„pii and susqcstcd of ^ 

>n 'vhich seasonal changes in protein contents arc no 

extreme. 
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as a source of energy. These mammals are called ruminants — they are 
cloven-hoofed mammals that chew their cud, and the process is called 
rumination. The group includes some of the economically important 
domestic animals such as cattle, sheep, goat, and among feral beasts are 
the antelope and the gazelle. Some of the Australian herbivorous 
macropod marsupials (wallabies and kangaroos) possess characteristics 
of ruminative digestion, and have been classified as ruminant-like 
mammals. The stomach of ruminative mammals is complex and 
usually can he distinguished as the rumen, reticulum, omasum and 
abomasum (for details see any text on anatomy of domesticated 
mammals). 

With regard to the site of bacterial fermentation, mammals can be 
grouped into two groups : those presenting their ingested food for 
fermentation prior to gastric digestion (prc*gastric fermentation) such 
as true ruminants and ruminant-like mammals, and those in which 
fermentation occurs in the hind-gut, such as the lagomorphs 
(Moir etal., 1956; Griffiths and Davis, 1963). Among perissoda- 
ciylcs, the stomach is generally simple but there are some signs of 
anatomical diversification of the cardiac regions. It is not certain 
whether their development ever reaches the stature adequate to provide 
conditions suitable for fermentation to occur (Moir, 1965). 

It follows that ruminative animals are at an advantage over the 
monogastric mammals. The ingested food is acted upon by the 
microorganisms in the forc-slomach and produces volatile fatty acids 
(VFA). Since the ruminative mammals lack liver glucokinase this VFA 
provides major energy requirements. Studies have shown that in the 
ruminative system, dietary glucose and other carbohydrates are 
converted to VFA in the gut- Little glucose is absorbed into the portal 
blood and, consequently, the liver does not have a mechanism for rapid 
uptake and storage of the glucose {Ballard, 1965). Naturally, the 
animals become dependent on the continuous production of VFA by 
rumen microbes. In the absence of this source of energy, the only other 
source of required energy will be by muscle breakdown (gluconeogenesis) 
which, if continued, may lead to pathogenic symptoms. 

Our information on the nutrition of the ungulatesis not sufficient 
to give a general synthesis. However, from studies on ruminative 
mammals it is clear that the chances of their going without food for a 
prolonged period would unquestionably be fatal. As regards protein 
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(2) increasing water conservation. Ungulates due to their size remain 
exposed to diurnal heat and in summer months cannot go without 
water. A linear increase in insensible water loss with an 
increase in the ambient temperature necessitates a supply of drinking 
water. The situation becomes more critical in hot summer months when 
the animal needs more water to maintain homeostasis of the internal 
environment, while at the same time free surface wafer, if at all avail- 
able, evaporates more rapidly against the higher ambient temperatures. 
The most dependable water source under such circumstances is water 
from available forage. Drinking of saline water, as discussed earlier, 
if available in the vicinity of their habitats, may be a solution in some 
cases. 


TM, S.—Tdtranci md wiighl loss fir drsirt mmmis m dipmalm 

Species Duration Pfreeni from initial Source 

weight lose 


Camel 

Doatey 

Sheep I hfeHno 
Marwarl 

Oi«lla 


MacfarlaaeJIOCI) 

^facrafUne (1963) 
Taarja (1965) 

Ohobtial & aoudtley 
TbeopsoQ(l966) 


M05t animals have adjusted to low ^ breed, 

mdepeudent of exogenous svalcr intakes. Sh p ^,bett 

'“JiStnous to the Indian deserts, have been observed t 
tfrm water deprivation, and satisfy their water jogS). 

from high water content plants such as Prosopis over. 

This suggests a low water requirement as "cll as o\ Piecbanijm 
Studies have shown that a low water turn over is an e :c 
for summer in deserts but is reflected in low pro action 


in Australian Mcrionos {Macfarlane. 1964). ,hc 

In the desert inadequate water 5uppli« {•'^""ntrolled grazing or 

>ear induce practical difficulties in the v^ay o c ji^adsof hi?h 
fodder conservation. Either one can maintain ® or one 

Pfoducing stock that individually have high watcr^^^ 

have many heads of low producing *10^^ ^ carryin? 

f'qoirements. In the latter case the stock may consequently upon 
'“paciiy of the range and over-grazing may res , 
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Table 2 . — Urine concentration insome desert mammals 


Species 

Milliosmal 

U1I> ratio 

Urea m moles/l 

Source 

Camel 

2,760 

8 

__ 

Schmidt-Nielsen 


3,170 



(196«; 

Schmidt-Nielsen 
tlttl. (1957) 

Eland Lab. 

2.050 

6 



Taylor & Lyman 

Field 

2,050 

— 

810 

(1967) 

Hereford 

1,300 

4 



— do — 

Merino sbeep 

3,190 

- 

1,500 

McDonald & 
Macfarlane (1958) 

Taromar Wallaby 

1862-3337 

6-9 

32-789 

Purohit (1969) 


The ability of desert mammals to produce concentrated urine 
(Table 2) and resist water deprivation have enhanced their survival, 
particularly during the periods of water deltciencies. Macfarlane 
(1964) pointed out that the interstitial fluid was much involved in the 
regulation of fluid distribution during dehydration. He showed that 
reduction in salivary flow (97%) and in duodenal flow rate (94%) 
were comparable with that estimated for Joss of gut water in 
camel (90%), 

IV— Discussion and Conclusions 

Sheep-rearing is one of the major industries of Rajasthan which 
produces 30 million pounds of greasy wool, about 45 percent of India’s 
annual output. Besides, Rajasthan has the monopoly in camel, supply 
of goat for mutton to neighbouring states and drought resistant cattle 
breeds. The wild ungulates, considered as game and tourist 
attraction only, could become a good source of animal protein parti* 

cularly when the country is protein deficit. The export of wool, meat 
and other animal products such as ghee, hides, dung as manure or fuel 
is essential to the economy of the human population inhabiting the 
desert areas in Rajasthan. 

Management of stock in deserts encounters two major problems : 
adequate supply of feed and water. Unfortunately, both of these have 
been in shortage in desert regions. 

The desert-inhabiting animals have two possible solutions to the 
problems of water shortage : (I) minimise their water requirements, and 
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It follows that, in a desert region one has to decide either to have 
a few heads of highly productive stocks that, as discussed earlier, would 
have high water and food requirement or relatively large herds of low 
productivity, which undoubtedly will have low requirements. 

Pending further information and understanding about the require- 
ments of the ungulates of the Great Indian Desert, it is too early to 
propose any general statement on their utilisation. However, the 
following conclusions may safely be drawn : — 

Seven species of ungulates (domesticated and feral) occupy 
characteristic ecological niches in the local desert. Domesticated 
Ungulates are essential to economy of Rajasthan. Seasonal shortage of 
feed and water restrict the size of stock otherwise management of large 
herd will be uneconomical. At present it is not known whether the 
nngulates in this desert can benefit from saline water; how they meet 
their nitrogen requirements; how efficient are their renal and 
oiechanisms in processing ingested electrolytes with food and drin , an 
tvhat are the ecological requirements in the local habitat ? In ormat 
on the underlying physiological mechanisms is needed and this ne 

states extensive field and laboratory studies in accordance wit oc 

acquirements. Further domestication and ranching of tvi ungu 
would lead to beneficial methods for preservation, research and aiie 
ting the protein deficient diet of most people in India. 
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VI— Summary 

The Great Indian Desert contains a developed , shrubs. 

'Ota. The growth forms of plants range from jo soH ij-pcs 

*occu!cnts to small trees, forming communities ^arsaja simple 

^ndsalinity of thesoil water. Ecologically the ^i.^jofextrcmcs 

'■^bitat but the inhabiting lifeperiodicallyfattu ep 
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over grazing the forage may become dominated by coarse, unpalatable 
low feed value plants at the expense of the perennial, highly nutritious 
grasses. Such over grazed situations are not uncommon in the Great 
Indian Desert. 

In the development of modern breeds of domestic animals the 
emphasis is on rapid growth and high productivity so that a large 
fraction of the feed consumed is used in the production of meat, milk 
and wool, and only a small fraction is used for maintenance of the stock. 
A suitable breed of stock for arid region should, in addition to these 
qualities, possess abilities to conserve water and have low water require- 
ment. It has been shown that in nature these attributes tend to be 
mutually exclusive, hence any breeding programme devoted to improving 
productivity of domestic stock in the desert is, while water supply is 
short, likely to have to be a compromise, I.e. productivity cannot be 
taken for an absolute maximum while water intake is to be restricted. 

It is now established for ruminative mammals that the urea 
produced by the animal itself can be recycled and utilised as a nitrogen 
source. In the presence of an energy (usually available from cellulose) 
it can be converted to bacterial protein, which can be digested and 
absorbed lower in the gut. The process of recycling of urea removes 
urea or non-protein nitrogen (NPN) from the body fluids as effectively 
as does the renal excretion (Houpt, 1959). Thus the ability of ruminative 
animals to convert NPN to bacterial protein, particularly on low 
nitrogen feed, has at least two apparent advantages : (1) conservation 
of water, which otherwise would have been obligated for excretion of 
urea; and (2) inbuilt supply of nitrogen for synthesis of bacteria 
protein. 

From a production point of view in desert region, it is a common 
fact that as the summer progresses the available forage dries out and 
the nitrogen content declines, resulting in a poor quality of feed so far 
nitrogen is concerned. On the other hand celiulose material increases. 
Under such circumstances animals face a shortage or absence of 
water and nitrogen deficit food. Saline or brackish water is the only 
supplementary source of drinking in various parts of the Great Indian 
Desert. Theoretically, if an animal system can benefit from drinking salt 
water, i.e. by excreting urine with high electrolytes (possible with kidney 
of high RMT index) and has ruminative system of digestion then the 
situation is ideal. 
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POLYMORPHISM IN BLOOD POTASSIUM IN SHEEP 


By 

G.C. Taneja* 

Ctntral Arid Z'^nt Research Institute, Jodhpur 

(^Vith 6 Tables and 4 Text-Bgures) 


I — Iktroductios 

The conventional method for livestock production is to select 
animals on the basis of performance of the individual, its progeny or its 
ancestor. The literature is fully loaded with various selection expen* 
tnents carried out on these conventional methods. Many problems sttcb 
>! the collection of data over several years, the complexity of statistical 
>”alysis, the influence of the personal factor in data collection, etc., are 
'ncountered by the geneticists conducting breeding experiments using 
the conventional methods of selection. Notwithstanding the act t a 
Ihese methods have helped in creating genetic improvement to some 
tl'gree, the difficulties met with in them are well recognised and 
therefore, a need to find some short cut methods whic cou 
titne and also increase the accuracy of prediction of the per orm 
the individual animals. 

In recent years several non-convcntional methods 
“lection of individuals, based on the presence or ° 

l>tochcmical constituents and their concentrations m * of pcnetic 

«ty widely used. It is supposed that there may h= ^ f 
^sociations between blood characters and productiwty . ( ^ ^ ^ 

(2) through pleiotrophy; and (3) from interaction to 

‘“'"S or between loci. The first two cases P „elypcs 

s'taightfonvard additive superiority or infcnority^ ° nv-r-dominauce so 

“Wr cithers. The third situation would result in __ 

that 


animals heterozygous for the alleles in question 


would possess some 
Recently, 


of measurable superiority over homozygous animals. 

Pfpiron™* 

r, y""”! AdJreti : Joint Commissioner (Sheep:. Minutry of 8^“ 

‘'griculiure, Kgishi Ehawao, New DelhL 
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we have taken up a project on the role of sodium and potassium in the 
blood of sheep with a view to select aotmals on the basis of concentration 
of these electrolytes for higher production. 

11— Objectives 

There is sufficient evidence in the literature (Evans, 1954; Evans 
and Mounib, 1957} suggesting that on the basis of concentration of 
potassium in the blood, sheep can be classified into high or low potassium 
types. In the highlands of Great Britain, which has a comparatively 
colder climate, there is a relatively lai^cr number of HK type animals 
whereas in an arid country like Australia the number of low potassium 
animals is very high. These ecological distributions formed the basis 
of our study on the relative merits of these two potassium types in 
relation to their adaptation to arid areas and their performance under 
these conditions. With this background we undertook a series of 
experiments to determine the physiological differences between the two 
potassium types in various breeds of sheep in Rajasthan in their level of 
production and adaptation to arid conditions. 

Ill— Results and Djscussions 
/. ff/oad Folassium Types in Rajasthan Desert 

A survey of five sheep breeds of Rajasthan, viz. Marwari, 
Malpura, Chokla, Magra and Sardarsamand. has shown that on the 
basis of concentration of potassium in the blood, the animals in each 
breed can be classified into two distinct groups — high (HK) and low (LK) 
potassium types. Text-fig. 1 indicates the distribution of potassium 
concentration for two breeds (Marwari and Chokla) for which the data 
are voluminous. It is apparent that there is no intermediate typo 
between high and low, although the tail ends of the two normal 
distributions tend to meet each other and the animals lying on the tail 
ends sometime pose a problem in deciding whether they may be classified 
as high or low. Such cases are, however, rare. 

Results in Table 1 indicate that when sheep are differentiated on 
the basis of concentration of potassium in the red blood cells, 4 groups 
emerge. These are called alpha, beta, gamma and delta. LK is termed 
as alpha and HK is sub-divided into 3 groups— beta with equal 
concentration of sodium and potassium, gamma with less sodium and 
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T able 2, — Distribution oj HK sheep m various breeds of Rajasthan 


Breed 

No of theep 

% HK sheep 

Cbolla 

259 

57 

Afalpura 

» 

65 

Magra 

ns 

63 

Marwari 

113 

72 

Sard arsam and 

12 

66 


The proportion of HK type varies from 57 to 72 per cent in 
different breeds (Table 2). In Rajasthan the HK type predominates 
over LK and this led us to postulate that if the ecological distribution 
of potassium types on a global basis as reported in the literature is 
aecepted, the only possible likelihood of the high proportion of HK type 
in Rajasthan desert could be due to migration in the past of sheep flocks 
from the colder desert areas of Afghanistan to this region. Another 
possible explanation for the high proportion of HK type in our desert 
could be that under these conditions, HK has certain advantages which 
out'Weighed those of LK. This suggested to us to study the relative 
differences between these two types in their adaptation to desert 
conditions. 


2. Adaptation 

How these two potassium types are adapted to meet the stress of 
various kinds prevalent in the region is one of the basic questions. The 
answer to this we thought should explain the difTerences in these two 
types for adaptation to descrtic conditions. One of the stresses prevalent 
in this region is that produced by scarcity of water. Therefore, we 
first measured the normal water intake in these two types. We found, 
that, on equal body weight basis, the LK type sheep drank relatively 
lesser quantity of water. On a larger sample, when potassium types 
were adjusted for variations in body weight, the differences between 
types for water intake were, however, not statistically significant, but 
the interaction between season X type was significant. The differences 
in water intake by the two types of animals, therefore, varied from 
season to season. An examination of the data in one of the experiments 
also revealed that actually the differences were largely in mode than in 
mean. That is, there were more animals in the LK than in the HK 
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Table 3.— Results of analyses oj varianee of data on rise in body temperature 
in sheep ebsrtng exercise 



Etperinml 

df. 

Jfe 1 

MS 

Expirimcnt }fo. 2 
d.f. M.S. 

Between exercise group 

1 

15.070** 

1 


Between LKXHK 

I 

1.500* 

1 

4.792*» 

Between days (replicate) 

i 

0.540) 

1260 

2 

0.376 ) 

019 

Km, 

43 

0.250) 

50 

0.192 


•* Significant at 5% level of probability. 
* Significant at 1% level of probability. 


Another kind of stress which is frequently experienced by sheep in 
the desert is that these animals are driven daily for several miles for 
grazing and watering. The effect of this stress on animals belonging to 
the two potassium types was, therefore, investigated by trotting these 
animals at various speeds. It was found that during exercise the rise 
in body temperature in the LK type was significantly higher than in the 
HK type (Table 3). This rise in body temperature of LK animals was 
related to their ability to conserve body water as, after the exercise, 
these animals did not drink as much as the HK type animals. 
Physiologically, a rise in the body temperature above normal limits Is 
detrimental to an animal and while selecting animals preference is 
given to those in which the rise in body temperature during stress is less. 
Although regulation of body temperature is generally considered to have 
priority over water balance, yet it may be logical to conjecture that in 
chronically water deficient areas the evolution of physiological adaptive 
mechanisms might have been directed primarily towards saving of body 
water. This would mean a necessary shift in the prerogatives for the 
stability of different physiological parameters. The thermo-regulatory 
behaviour of LK sheep, as discussed here, is probably a manifestation 
of such a generalised physiological principle aimed at fitting it properly 
into its desert niche. 

The two important factors which may possibly explain the high 
proportion of HK in the Rajasthan desert are ; (1) HK animals are 
resistant to diseases, and (2) they are in better health condition. 
found that the HK animals have a significantly higher density of white 
blood cells. It would seem logical to conclude that HK sheep have 
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Table 2. — Results of analyses of variance of data on rise in body temperature 
in sheep thiring exercise 


Source £i^rvnflit Jf» i Experiment PTt. 2 

d f. MS d f M.S. 


Between exercise group 

, 

13.070** 

, 


Between LKXHK 

1 

1.500* 

1 

4.792** 

Between days {replicate) 

2 

0,540) 

12.60 

2 

0.376 ) 
to 19 

Error 

43 

0.250) 

50 

0.192) 


** Significant at 5% Jevef of probability. 
* Significant at 1% level of probability. 


Another kind of stress which is frequently experienced by sheep in 
the desert is that these animals arc driven daily for several miles for 
grasing and watering. The effect of this stress on animals belonging to 
the two potassium types was, therefore, investigated by trotting these 
animals at various speeds. It was found that during exercise the rise 
in body temperature in the LK type was significantly higher than in the 
HK type (Table 3). This rise in body temperature of LK animals was 
related to their ability to conserve body water as, after the exercise, 
these animals did not drink as much as the HK type animals. 
Physiologically, a rise in the body temperature above normal limits is 
detrimental to an animal and white selecting animals preference is 
given to those in which the rise in body temperature during stress is less. 
Although regulation of body temperature is generally considered to have 
priority over water balance, yet it may be logical to conjecture that in 
chronically water deficient areas the evolution of physiological adaptive 
mechanisms might have been directed primarily towards saving of body 
water. This would mean a necessary shift in the prerogatives for the 
stability of different physiological parameters. The thermo-regulatory 
behaviour of LK sheep, as discussed here, is probably a manifestation 
of such a generalised physiological principle aimed at fitting it properiy 
into its desert niche. 

The two important factors which may possibly explain the high 
proportion of HK in the Rajasthan desert are : (1) HK animals arc 
resistant to diseases, and (2) they are in better health condition. We 
found that the HK animals have a significantly higher density of white 
blood cells. It would seem logical to conclude that HK sheep have 
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and wool and mutton production, the results achieved would naturally 
remain unused unless the genetic basis of these potassium types is 
investigated so that the knowledge gained on these types can be fully 
utilised by propagating the proper type and segregating and culling the 
Undesirable one. We, therefore, investigated the genetic control o 

these two potassium types. Our results have confirmed the findings o 

earlier workers (Evans and King, 1935; Kidwcll et al., 1959) that t c 
blood potassium types are controlled by a single mcndclian 
Results in Table 5 indicate that all HKxHK matings resulted 
progeny, whereas HKxLK and LKxLK resulted in both HK and 

types. This indicates that HK Is inherited as a simple recessive c a ^ 

and LK animals may be either homozygous or heterozygous. 


Results 
breeds within 


presented in Table 6 indicate that the diflcrenccs between 
potassium types (LK and HK) were significant for potassium ' 

lion. But there were no differences between breeds Tor t e perc 

of HK and for the estimated frequency of high potassium 

possible that the differences for potassium concentration are o , 

origin and perhaps minor genes may be operating in a F*Derl* 

genes which determines the potassium type of on in 

oienu are now in progress to determine the relative imp 

genetic and environmental factors responsible for variations in po 
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a relatively better built-in disease resistance mechanism. We are now 
working out the differential counts which will throw more light on the 
subject. 

Table 4. — Mean values along with Standard Errors for packed cells volume 
percent (PCV), ftamoglobin and ted blood cell count, in LK and HK 
of Marwari breed of sheep 



Packed cell volume 

HcDioKlobin 

RBC (Millions/cm) 


per cent(PCV) 

(gm/l(J0ml blood) 


LK 

73±0 29 

9.lt±0.26 

10 62±0 20 

HK 

31.03±0.38 

10.064020 

11,51*0.15 


Difference beiweeo LK and HK » tignificant t>i 5% level of probability. 


Another significant advantage of HK ever LK animals is that the 
former remain in a sound condition of health. Our experiments have 
shown that regardless of the fluctuations in the pastoral condition during 
the year, the concentration of haemoglobin and the density of red blood 
cells are higher in the HK animals than in the LK (Table 4). A better 
health condition*and resistance to diseases in HK animals should 
partly explain the high proportion of these animals in the Rajasthan 
Desert. 


Table d.-^Potassium ijrpe of progenj from matings of ram and ewes of 
various phenotypes 


Identih- 
caiSoa No. 

Ram 

Type 

Eviiei 

LK(927» 


HK /?5 20) 

LK 

Progeny 

MR 

LK 

HK 

G 75 

HK (26.24) 

2(9.60) 

2(29 22) 

_ 

11(29.65) 

G423 

HK (32.64) 

1(9.60) 

1(26.24} 

_ 

10(30.78) 

G47S 

HK|32 64) 

2(9 20) 

4(34.08} 


3(30 29) 

G983 

LK (960) 

2U02tl) 

2(3584) 

6(30,62) 

3(31 36) 


Figures in parenthesis represent blood polasrium concentration in Meqil- 


3. Genetic Basis 

Since our aim is to determine the physiological differences between 
animals of the two blood potassium types in relation to .their adaptation, 
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are now available from repeated experiments which clearly indicate that 
the low potassium type animals have, on an average, 16% lesser 
mcdullatcd fibres than HK. type animals. In the britch and shoulder 
regions of the body LK animals have 20 to 26% less medullated fibres 
than HK (Table 6). Since our studies have also confirmed that LK are 
both heterozygous and homozygous whereas the HK animals are only 
homozygous recessive, the breeding of LK sheep and subsequent culling 
ofHK segregating from LKxLK mating in each generation should 
result in raising fiocks yielding true wool fibres. A survey of 4 ree s 
of Rajasthan has shown that the percentage of high potassium t>pe 
(HK) is high (70%) in coarse wool producing breeds (Marwari, Malpura 
and Magra) and is low (52%) in a fine wool producing breed on 
The association of LK with fine wool is, thus, very apparenU 
results, therefore, may have immediate application or t e 
iraprovement of wool in most of the developing countnes ' 

®re largely of the hairy type. 


IV— Summary and Conclusions 

A resume of the work done in the Central Arid . pC 

InJtitute. Jodhpur, on the biochemical approach to the p 
^animal production under arid conditions is ^ „ hart 

•mportant points that emerge from our studies are These 

lesser medullated fibres and, therefore, have relatn c y >rtlb in 

can better withstand fatigue experienced ^“""5 » 

desert in search of food and water, and a large prop 
^1T€ drinks relatively less w 

>Pe . and (2) HK are more resistant to disc ^ 
condition. It is tempting to belies'C that propagation jolution 

'^'idcr Optimum husbandry conditions may lea to .-ndi.jjjns. 

*be complex problem of wool production under and cond.t 
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concentration within types. We have also made some observations on 
the frequency of HK gene at different ages in a flock of the Chokla 
breed. The animals on which the gene frequency has been established 
varied in age from 6} years to 21 months. Results in Text-fig. 4 indicate 
that except for those which were 6| years old, the frequency for HK 
gene did not change with change in age and the observed low frequency 
of this gene at 6J years of age may be due to sampling errors. It is, 
therefore, concluded that natural selection against these types is not 
operating in the flock under study. 


Table 6. — Mean values for % medullalhn in LK and HK in Marwari breed 


Position 

September 1965 

LK HK 

March 1966 
LK 

HK 

Neck 

54 2 

63.2 

65 4 

74.6 

Mid side 

664 

80.0 

85.6 

87.S 

Briteb 

69.2 

87.2 

75.8 

91.0 

Wither 

53 6 

63.2 

62.2 

64.6 

Shoulder 

668 

84 0 

73.0 

87.4 

Back 

61.8 

71.0 

60.8 

67.2 



Dstk trantfonned into arnioa '' p<rc<ntag« ahowed ttatistioally highly iignificant dlffe- 
lenca (P, <. 01) amongst lypei tvtlhin region. 


4. Relationship with Economic Traits 

Although our studies have given us adequate informations with 
regard to possible reason for the higher proportion of the HK animals 
in the Rajasthan desert, regarding the differences between the HK and 
LK types in adaptation to arid conditions and on their genetic back- 
ground, the purpose of this study will not be fully served unless we find 
out the utility of the potassium type for improvement of wool and 
mutton production. In one of our experiments in which the potassium 
types were further sub-divided, LK being termed as alpha and HK type 
animals being grouped into 3 categories, viz. beta, gamma and 
delta, we observed that the beta and delta sub-lypes showed higher 
body and wool weight but the occurrence of these sub-types was rare. 

We have recently collected data on body weight and fleece weight 
of sheep of several breeds and have determined thej'r potassium types 
and the work which is in progress will elucidate whether potassium 
types have any association with the economic traits. However, results 



SAFARI POTENTIAL OF RAJASTHAN 


Bj 

K.S. Sakkkala 

Director, Delhi geological Park, Ncte Delhi 


Abstract 

The countryside of Rajasthan was the happy hunting grounds of 
the princes and the British Officers during the pre-independence days 
Vifhere duck and imperial sand grouse shooting, pig-sticking with lance 
and horse, black buck chase by hunting cheetahs and tiger huntings 

"'ere the special features of outdoor camps. Even now its dry deci nous 

open forests and the agricultural pattern of raising mostly one crop 
provide ideal habitat for wild life. The geographical location of the 
State is on the migratory birds’ Byways, of both north- and sout oun 
birds, and this feature enriches the avifauna of the State. 

Every corner of the State is approachable, almost all t e > 
round, providing easy accessibility to the wild life »rcas. * 
vuibility through the open bush presents clear views of the an > 
wocentrated waterholes make available the wear)- 
Quarters; and the open sky throughout the year ensures 

photographic opportunities. rheir 

The way or life of the people, who love all creatu . 

«nctly vegetarian food-habits have gone a long Rajajthani 

preservation of wild life. The undulating landsca^. 

^ritage of unpolluted medieval culture, its temples, ®rM* -jiHitional 
^ * tich archeological and cultural collections . jgunjtj 

^”ractionfor the tourist. lu location on the 

Delhi-Agra-Jaipur-Delhi. pr«cnti unhm.te 

potential. 



PIG - STICKING. A VANISHING 
SPORT OF RAJASTHAN 


Ay 

Kesri Sikgh 
^janota Gardens, Jaipur 


The wild boar, Sus aisialus, exists nearly everywhere in India. Its 
favourite habitat is the thick jungle on the hills or grass jungle near the 
water on plains, although it sometimes prefers the vicinity of a village, 
^flen selecting a sugarcane plantation in which it may take up 
permanent abode, never leaving it and attacking any one who blunden 
lo disturb it. It varies much in size and in colour, and ranges from jet 
to grey, reddish brown, , 

Its canine teeth are immensely long and turne upwar s, 
forming tusks. The upper jaw contains two short tusks ag^tut 

edges of which the longer tusks of the lower jaw clash t^en shut 

and thus by continual friction their edges are kept sharp. P * 
■nntkiofthemale are distinguished from those of the female m bemg 
onch wider in the heel and in having the toes much widely ‘P"’ ’ 

Pigs are gregarious animals and 20 or 30 of them may o ten 

"> a sounder. The older boar is “ “to 

‘ometimes in the company of another boar and will jom 

““‘y a. the rutting LL. Wild boan, multiply at an alarming rate 

®nd at places become serious pcsu to the crops. 

Pigs travel at a stumbling trot of about 5- mi « . (l,c 

this pace for a great distance. Tw'cnty years i 
H«-hmit for a boar. . -^memcrial for 

The wild boar has been hunted from times i or 

. for sport by man on foot, armed v>ith spear . , ports in 

y. ‘Jogs. Pigosticking is the most exciting an Even when it 

KoT!! ^^FoMts ferocity, it »> 

oown, it will sell its hide very dearly indeed. 

* Only wild animal to which the tiger will gi'*® * 



OBSERVATIONS ON MATERNAL BEHAVIOUR IN THE 
LANGUR, PRESBTTIS ENTELLVS, IN INDIA 


By 

S.M. Mohnot 

Department of Zoology, Unaersity of Jodhpur, Jodhpur 
(With 1 Table) 


I — Introduction 

During 13 months of observation on the langur Prtihytis 
(Dufrcjne) (family Ccrcopithecidac, subfamily Colobins) frorajuly 
to August 1968, 1 1 cases of females carrying dead infanu were obser>'cd 
9 troops around Jodhpur (Rajasthan). Of these, two cascs-onc »a 

the non*mating and the other in the mating season— ’were o ® 
«pilarly, with observations daily or on alternate days. The rest^ wer 
followed less regularly. The present study deals with the 

the dead infants by the mothers and the degree of maternal urge 

telated behaviour by the concerned mothers and by the ot er m 


ofth 


; troop. 


II — Keeping < 


■ Dead Ikfants bv Mothees 
i. Genera! 

Out of 11 infant deaths, 3 svcrc “U"'’"™’ “n 
'uuiMcrcd as stillbirths; 6 ncrc natural doaths doe ^ ts, 

^ y mishandling (sufibcalion or choking— mcxpcncncc * ,fcr 

-- • • and dunng inianv 4 


infanu hard during nursing and 'kissing', 
mm One female to another); 2 deaths were a 
another to electrocution. All infants 
lo"' four months ). 


ffom one fcmrslr. 4 . o wcfc accidental on^ 

: breast-freders ( ^5= 
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water hole. Pig-sticking was a hot favourite of the princes, but even 
outside the princely states in the pre-British India, several clubs existed, 
known as ‘tent-clubs’ at Meerut, Mathura, Kanpur, Nagpur, etc. With 
the exit of the princes, this manly sport has sufTcrcd a great neglect. 

It is not difficult to create pig preserves as in every district there 
are jungles which arc useless to the owner and these can be utilized for 
this purpose. If the place is already inhabited by wild pigs, it should 
be left undisturbed with a few chowkidars or game wardens to keep off 
the poachers and to kill jackals and wolves which destroy young pigs. 
By properly managing the pig-preserves, advertising the game and 
providing the customers with good horses and spears, a magnificent 
sport of international fame can be kept alive. If the Government or 
some private agency made it their business to make this sport possible 
for interested tourists seeking adventure, it would earn foreign currency 
and provide a great additional attraction for the tourists. 
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their breasts and brought them near the nipples in an attempt to feed 
them. They also tried to open the infants’ eyes and frequently smell 
them. This attention gradually diminished, and the mothers started 
(after 5-6 days) putting down the dead infants on the ground sideways 

tnany times a day and picking them up again on the approach of an 

intruder or any slight disturbance or group movements. The process 
continued till finally the dead infant was abandoned. 


Mating season : During the mating period the behaviour of the 
mothers towards the dead infants was less intense. Their unsocial 
nature, constantly watching the infant, ‘kissing’ and grooming, etc., of 
the infant were as in the non-mating season. But they began 
do'v'n the dead infants on the ground earlier (from the second day 
onwards) and more frequently, with occasional attempt at lactation. 

mothers frequently watched the matings of other females m c 
^®op. and ultimately abandoned the dead infant in some manner, as 
“other was seen without the infant. How the corpse disposed o 
could not be observed— presumably the mother just put it on t e g 
and walked away. The efforts of the writer at forcibly taking Y 
the dead infant were not successful. 

In both seasons, the mothers carrying the dead infant had 

gnmacc (a distorted face); they also showed poor feeding “ 

Antagonism towords troop-males and were submissive. 

“’dually sluggish, took very little interest in group activities 
A tendency towards isolation. 

Condition of the infants : cases of long retention (d^^ 

“Ating period) of the dead infants by the mothers, t e s 
' infant started disintegrating, leaving bchin o 
cues with the shrivelled skin over them. 


3. Behaviour of Other Troop Mrmhrrs 


hio troop member showed any interest in t 


. females carrying the 


'Ad infants. Transferring of the 


female t 


^ . dead infant However, 

oolher (as happens with living infants) did not j smelling 

^ubadults and juveniles of either ses were observ 

tcfully watching the dead infants. 
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season (November to June next). In the non-mating season the keeping 
period was 9-29 days (average 15.5) and in the mating season 3-6 days 
(average 5.2). 

Table 1. — Keeping of dead infants bj> mothers in Presbytis entellus 
(JodkpttT, 1967-68) 

Abbrtwlions : F, femmie; M, male. 


Ldcalion of 
“ tfoopj around 
Jodhpur 

E 

2 

Nature of death 
of lofant 

nil 

iiji 

4 

- 

Keeping of infant 
by mothers 

5 

Monthis) 
of the 

Year 

6 

Duration 

(days) 

7 


(A) In n. 

1 

1 

j 

<9 June ntxl) 


1. Msndere 

BT- 7 

[Stillbinlt] 

. 

. 

February 

11 

2. KtLga 

BT. 8 

Natural 

3 

T 

February 


3. Chaadpole 

BT-IO 

Accidental 

4 

. 

Vt.y 


4, Guptaganga 

BT.12 

Natural 

2 

F 

March 

12 

5. Kailaaft 

BT-13 

(Stillbinh) 

- 

. 

May 

18 

6, Bhadreiwar 

BT.16 

Natural 

1 

M 

Apnl-May 








9-29 






Average 

13.5 


fB) 

h Slating Stmt 

» ( In OfleSer ) 



1. Mandoce 

BT. 6 

Natural 

3 

M 

July 

3 

2. Maudore 

BT- 6 

Natural 

1 

M 

July 

6 

3. Kailana 

BT.I3 

Natural 

2 


October 

6 

4. Bijolai 

BT-i4 

[StUlbirih] 

.. 

- 

September 

5 

5. Fillerhouse 

BT-17 

Accidental 

2 

F 

August 

6 






Range 

3-6 









Kon-mating season : During the non-mating season, the mothers 
carrying the dead infant showed behaviour full of maternai sentiments 
exhibiting great attachment to the dead babies as if they were alive but 
passive. They always carried the dead infants in the manner in which 
they hold them if they are alive. During the first three days of the 
death of infants, the concerned mothers were seen observing them 
carefully from all sides, watching the eyes and the face again and again. 
They occasionally groomed and ‘kissed’ the infants, pressed them to 
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ultimately the infant was finally abandoned. The fate of the abandoned 
infant could not be determined. 

The other members of the troop showed no Interest in such 
mothers and the latter were left mostly to themselves. 
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III — Discussion 

These fairij’ prolonged observations made over two seasons suggest 
that at least some mothers show blind attachment to their dead infant, 
keeping them in their arms for surprisingly long periods (3-6 days in the 
mating and 9-29 days in non-mating season). This may at first sight 
suggest, as belived by Zuckerman (1932) for the Primates, that the 
langurs do not recognise the phenomenon of death, and this suggestion 
would seem to be supported by the continued attachment of the mother 
to the dead infant for long periods. However, it is to be noticed that 
the other members of the troop do seem to make a distinction between 
the dead and the living infants. For instance, they showed no interest 
in mothers carrying dead infants and there was no attempt at 
‘transferring* the infants as happens with living ones. 

Jay (1962) in the langur Presbytis enltllus, Prakash (1962) and 
Koford (1965) in the rhesus monkey Afacefn mu/aila, observed mothers 
carrying the dead infants. Koford stated (hat the corpse continued 
to be carried [even after it had decayed, though the keeping period 
was not mentioned. 
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V — Summary 

Eleven cases of dead infants being carried by their mothers 
were noticed in 9 troops around Jodhpur. The infants had died due to 
various causes. They were kept by the mothers for 3-6 days in 
the mating season and 9-29 days in the non-mating season. In cases 
of long retention, the infant had decomposed and was reduced to mere 
skin and bones. 

In the first few days, the mother showed keen interest in the 
dead infant — hugging it, ‘kissing’ it, trying to open its eyes, bringing it 
to its nipples, etc. Gradually, the interest declined. After a few days, 
the mother started dropping the infant and picking it up again, and 



interactions and social changes in troops 

OF THE LANGUR, PRESS i'TIS ENTELLUS, 

IN INDIA 


By 
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(With 2 TaW« and 3 Teit-Csures) 


I — IXTRODOCnON’ 

Obscn’aiions carried out on the behaviour of the Hanum 

Langur. Preshjtis entellus (Dufresne) (family Cercopitbccldae, subfami y 
Colobinae) in and around Jodhpur (Rajasthan) during the pen 
1967-68, showed that social changes due to troop interactions s 
common in relatively compact habitats, particularly where . . 

within a limited area, with similar ecological and topog p 
WDditlons, The Mandore Garden (Text-fig. D. where the * 

'’ations were carried out. is 9 kilometres ;J° 5^. of the 

“tid is the only semi-natural green spot in the region 
arouod Jodhpur bring srmi-arid, r^ly and sandy^ 

Six permanent troops lived in and around tn - . 2 

J' ‘ch 3 were all-males (Troop Nos. MT-T, M - . ^ 

*^exual (both sexes, with one male leader as a ru e, 


n-r l“oin sexes, witti one 
*6> BT-7). Observations i 
tome 1 


- a- were made on troop conn^sition. ternto^; 

‘■anges, leadership, encounters and ^ centre of 

“S'^ficancc. In particular, the bisexual troop BT-6 was th 

’•^al change. 

II— EcOLOGICAI- DlSTRIBUnON OF Tk 

ft . j forliv earden (Text- g* 

The Mandore Garden is a semi-natura ^ habitats, 'iz. (i) the 

'’Pographically, it has two distinct ecologica 

atral Part, with large stone cenotaphs, ta ^^ajer-tanks. small 

“'‘thes. ornamental plants, spacious lawns. nurscn«. ^ 

«d s„c,„,e.r; and (iO the P»ipb»=' fa,«-braring 

'"»■ hillocl, and carrying arid zone pl=”"’ 



\ jtfTW p: 


j§ ceno^»P^ Wmple* 
o sKop« bjU"gs 

Ulecl'S 


TO JCDMWK Jodhpur. 

■’-fie- 2--Tenitoriej and boroe ncgej of »« v^iu'^e 

BT-S to BT.7, biseiual troops; MT-T to MT-N . 

— Troop Composition, Tekkitories ano Ho 

1. Troop Compositiofi ^ 

the six troops, comprising a total of 153 i ^ all-oialc 

*’ “^‘“gled in the Mandorc Garden (Table 1). 
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Te.ffij. 1-Loc««ion of ibe M»n«i(W« CirOfn And «* Koopi of Unguf, Prnhjl" 

euphorb Etiphorbia tadiuifilin, Irco such as Acatta orsKca. cl- 
Salmdora iliAdii, Ihc shrubby Amia Ltpudaixi W” ' 

and Trpbrish parpma and other acrophytes and cultivated 
The main garden extends over an area of f. I sq km (length • 

width 0.8 km). , maneo 

Large trees of Firuf (F. religiosa and F. t le 

{Mangifera indica) and the neem [Azadiracta indica) which are 
the , periphery of the garden served as night abodes of the 
troops; these troops were often noticed as feeding in the cart . 
garden. The 3 all-male troops belonged to the extreme 
part which is dry and rocky; here Salvedora and Acacta trees sc 
night rests for these troops. 
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TciU Z~Presbytis cntcllu*. TtrritmfS a-.i hore rangts of sone troops in 
MsrMre Gerdn nesr Jodhp'sr 
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2. TarUoTits and lU-ne Rsngis 

The areas of the tenitories and home ranges 
given in Table 2. The ‘territory* of a group is t -rooming 
"Wch is frequently used by the troop individuals . night. 

®od feeding purposes during the day and sleeping via. the 

^crlapping of territories was obsers-ed r .Lg bisexual 

®il-niale MT-U and the bisexual BT*6. all-mal* troops 

are more demarcativc and clear than those o 
<Text.fig. 3). 
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troops had 4-9 adult males, with a leader, while each of the 3 hiscxu 
troops had 25-49 individuals, ssith a male leader as a rule. (If the srn^^ 
area in which these G troops lived is taken into consideration, this ha i 
had a rather high population as compared to other habitats ^ 

Jodhpur.) The average troop-site was 25.5 individuals (12.6 m ' 

male troops and 38.3 in bisexual). The combined male : female rati 
of all the members of all the 6 troops was 1 : 3, but the adult * ' 
female ratio was 1 : 2.3. In other parts of India and Ceylon, Jay ( 
and Ripley (1967) gave the average troop size as 25 and Sugiyam 
(1964) as 15.1. 
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the territories of the two troops overlapped. (No other member of 
MT-U was seen having these interactions with BT-6.) These inter- 
actions developed tolerance of his presence near the females of BT-6, 
even against the wishes of the male leader of BT-6. 

In the first week of July 1968, when the ranking male of MT-U 
attempted the mounting of estrus females of BT-6, he was pre\cnted 
from copulating by the male leader of BT-6 who chased him away 
again and again. There were several fights between them in which 
they inflicted wounds on each other. All the combats were 
and the ranking male did not return to his troop but stayed 

In the second week of the July, 3 estrus females were o 
Presenting themselves before their male leader and the racing ma e 
MT-U. The leader copulated successfully, but the Jl . 

not succeed in doing so because of constant meddling by the • 
2oth of them barked at each other and bared their tcet ’ 
gtiading of canines and whoop calls the leader chased away ® , 

Occasional biting and slapping and ivas 

by mid-July the ranking male had succeeded in 
*«n copulating with BT-fi females. The leader male was 
^onfrontation with the ranking male, but at times tosse 
at the latter. The ranking male was fully 
®t cr troop members, particularly the females * ,, anached 

'*ry mild, and by the early third week ofJ'^^y ® . ,n its group 

with .hil troop, BT-6-hc participate^ m all P 
^'^'ivities including night rest on the same tree. 

3 . Allacts cf All-Mult Trttfs MT-VsM MT-T 
on the Bisexual Troop BT 

<•> tfllttk tf MT-r I, „J„„) of the 3 

Troop MT-V, which was the largest (9 j gratiry the 

•"■ttiale troops, often invaded the garden for of ,he garden 

"rges. Before June 1968, its visit to the ,he 

less frequent, but in early July i> f ,he 5 ren.aia'"S 

Since its home range »'''rl»PI*i „ ,ake long 

oops (2 all-malcs and 3 bisexual), it svns ° other troops- 

lo avoid trespassing the territories o t twice, but t- 

In mid-July it attacked the bisexual troop 
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The ‘home range’ of a troop is the total area in which a troop 
moves about on certain occasions away from its territory during group 
progression in all seasons, and is thus more extensive than territory. 
The home ranges of the bisexual troops were about three times their 
territory. The home ranges of two all-male troops (MT-T and MT-U) 
was nearly four times their territory and of the third, AfT-V, five times. 
The large areas of the home ranges have resulted in their overlapping 
to a certain extent. 

IV— Happenings jn the Bisexual Troop BT-6 
J. General 

From late June to late August 1968, the bisexual troop BT-6 was 
the centre of intense social ioieractions with the three aJI-malc troops 
(MT-T, MT-U and MT-V) because of its various deficiencies. Troop 
BT-6 had a nervous and insufficiently aggressive male leader. Its 
territory overlapped chat of the all-male troop MT-U. Its home range 
overlapped those of all the 3 all-male troops, and also the bisexual troop 
BT-5 and BT-7. The bisexual troop BT-6 bad the maximum number 
of fruit trees at its disposal, and was observed feeding and resting during 
the day in a less cohesive manner than the other troops, resulting in 
poor vocal and auditory coordination regarding warnings of danger, 
etc. It had an exposed habitat which allowed easy access to the all- 
male troops for food. The regular availability of estrus females in 
troop BT*6 and their quick presentation often attracted the adult males 
of the all-male troops, resulting in both exhibition and true fights. 

2. Behaviour of Ranking Male of the All-Male Troop MT-U towards BT-6 

The ranking male of the all-male troop MT-U was an adult having 
a strong body-build and with fully erupted canines. He was classified 
as a ‘ranking male’ because, except for the leader male of the troop, 
all other males in the troop were submissive to him. He himself was 
neither submissive nor dominating in relation to the leader of MT-U, 
though he avoided the leader during group activities. Prior to late 
June 1968, the ranking male was seen near the bisexual troop BT-6, 
engaging mostly male weaning juveniles— embracing, ‘kissing’ and 
lifting them. They had enough opportunity of mutual contact, since 
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ness of the leader male even though the ranking male helped him to 
resist attacks of the intruders. But due to constant attacks, particularly 
of the nine adult males of MT-V, the male leader of BT-6 could not 
bear the weight of attacks, and ultimately, by the end of August, 
abdicated along with 6 weaned male juveniles, forming a new all-male 
troop of 7 individuals with himself as the leader. 

The ranking male then became the leader of the remnant of BT-6 
{35 individuals). He fought furiously in all attacks by intruders and 
always gave cover and protection to the females. These conflicts were 
mainly for acquiring cstrus females to gratify the sexual urges of the 
stacking males. It is probable that abundant food supply and the less 
protected habitat available to the bisexual troop might also have 
attracted the attacks. 

The abdication and dcparltirc of the ineffective male leader along 
with a few male juveniles from BT-6 also resulted in the installation of 
the more powerful ranking male as the leader thus restoring a sing e 
leader’ pattern which seems to be the rule in ?. alillus. Sugiyama 
(1964) also observed a one-male leadership in this species. 
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VI— Summary 

Social changes were studied m sjx \niellus in- 

and 3 bisexual) of the Hanuman Langur. " ' The 

habiting the Mandorc Garden near Jodhpur ( 

average troop size was 25.5 individuals ^ bisexual 

than the size found in other troops arou , ^inly to attacks 
troop BT-6 underwent the maximum changes, mating 

of the adjacent all-male troops during Ju y an of esirus 

«ason). The attacks were principally for *he p ^x-U, 

females. An intruding ranking male from t e leader, and 

after repeated attacks on BT-S. installed himself as the 
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attacks were mild and were successfully repulsed by the male leader of 
BT-6. On one occasion the new 'ranking male’ (who was by now a 
part of BT-6, ride above) also participated in chasing away the MT-V 
males, though neither he nor the leader male indulged in a direct fight. 

Subsequent attacks of MT-V males on BT-6 were more furious 
but still unsuccessful, and WT-V males withdrew after each attack. 
During these attacks it was noticed that a young adult male of MT-V 
led the attack, and the other adults kept in the background, but as soon 
as this young adult started fighting with the male leader of BT-6, the 
other males of MT-V also invaded BT-6. Such fights were observed 
throughout July. Regularly in the evening after fights, they returned 
to their permanent abode. In August, csirus females of BT-6 were 
seen presenting themselves before the males of MT-V. This resulted 
in severe fights between the intruder males and the ranking male of 
BT-6. The leader male of BT-6, however, gave poor performance and 
merely grimaced— apparently he had Hiilc physical power to resist the 
invaders. On the other hand, the ranking male fought hard, strongly 
resisted the intrusion, and did not allow the invader males to mount the 
estrus females even though the latter presented themselves before the 
intruders. The adult males of MT-V, were seen staying overnight near 
and around BT-6. In late August tiie intruder males succeded in 
acquiring two estrus females after a long and hard combat with the 
ranking male of BT-6 who was virtually playing the role of the leader. 

(b) 0/ Afr-r 

The all-male troop MT-T also attacked the bisexual troop BT-6 
many times during July and August 1968. But the attacking males 
were mostly chased away by the ranking male and sometimes by the 
male leader. Only once were they seem to succeed, when a young 
MT-T adult copulated with a BT-6 female. 

4. Discussion on Social Changes 

Due to repeated attacks by the all-male troops MT-V and MT-U 
on the bisexual troop BT-6 during July and August 1968, the latter 
troop became greatly disorganised and their gatherings during feeding, 
resting and troop movements were loose. During night also, BT-6 
members took shelter in many trees instead of their few permanent 
resting trees. This disorganisation is mainly attributed to the nervous- 
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I — Introduction 

Thoic of you who folloivod the newspaper reports of the recent 

government census svill know, the svorld’s total wild population of the 
Indian lion now numbers less than 200. At one time the range of the 
Indian lion extended as far west as the Mediterranean, an in^ c up 
with that of its African cousin. The earliest mammalian extinction 
that we know to be at the hand of roan was the European lion in approxi- 
mately 100 A.D. With the advent of modern firearms wape mu 
South Africa met a similar fate in approximately , /i. „ 

Moroccan and Algerian lions in approximately 18 . e si 
was virtually exterminated in Palestine during t e I'ftOO’s 

remained rather strong over most of its former range un i 
when it too svas severely decimated, the most signi can 
"Cenring when well armed military personnel “““P",-! ‘ f “ 

lion’s range. Since 1884 the last real population of ^ 

been limited to the Gir Forest. India, with the exception 1 individual 

turning up in the Middle East, even - „„ld’s 

Thus the Asiatic lion has now jome Cmnish Ivnx, the 

rarest species, along with the Javan rhinoceros, t e p 
North American whooping crane the „ntiderations 

and a host of other species which, after Nature and Natural 

by the International Union for 11“”“"'’“°” ° of vertebrate animals. 
Resources, now exceeds 1000 speacs an 40 per cent of the 

To put the lion in its proper perspecti%e, ne y years, and of 

®ammal losses alone have occurred within ^ ^edators. In 

more than half (M per cent) have been the larg P 


a century ago. the lion formed a part of the RajaJthao a 
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the old male leader left BT-6 along with a few male juveniles to form a 
new all-male troop. 
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To a very great extent the forestry and cattle are m competition 
for the use of the land, and it is only by the most careful protection of 
the plantation areas that regeneration of trees is possible. In the last 
100 years the size of the Gir Forest has contracted from 1200 square 
miles to something less than 500. At the height of the dry season when 
the ground is clear of vegetation the maldhari are forced to prune t e 
trees in order to provide food for their stock. Understandably, t e 
pruning of teak is strictly prohibited, but the impact on the ot er es 
commercial species is shocking in some areas. Despite government ai 
to the farmers in the way of food stuffs, years of severe roug t 


in considerable livestock reductions. _ . ♦ j 

The third major interest is tourism. A guest house is situ 
Sasan; and each day visitors arc taken from here to see t e ion 
a unique opportunity to be able to observe these majestic cr 
without any encumberance, such as having to sit in your car, 
case in Africa, At the present time the net return is 
guest house establishment is being run at a loss. e 
reasons for this, but the main one, in my belief, “ ‘ ^ 
else for the tourist to spend bis money on, ot er 
and aoTup^s 

twice during his visit. There are no post 
there is very liltie wild life to be seen. 

where he might go if he wishes to see any friends, there is 

there are no postcards he can purchase „r tours, 

no interpretative programme tn the ivay 

there ate no maps, no displays. In ac , overnight, and 

the guest house there is nothing to uc® nhviDiisIv needs some 

indeed roost of them do not. The tourist in ustry 


stepping up if it ever hopes to compete- interest, and the 

The conservation of the lion « ^ iJiink there is no doubt 

reason bchined why I am speaking to a)- ^ {.oaference, that the 

to the minds of anyone attending this msource preserved 

lion ought not to disappear. It « unique 

because its the only lion living in a ® .. African cousin. It 

lives in a forest and is easily approachable un culture of the 

*s of national interest, already seal of the govem- 

Indian people and immortalized in the tn- ea current 

®«nt. It is of considerable scientific intcres 
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other words, the lion’s disappearance is associated not jmt with the fact 
that it is a lion, but rather its being a predator, which like all of the 
larger predators, competes with man by preying upon his domestic and 
wild stock. Moreover, because it is a predator, it must, by necessity, 
be few in number in the natural state, at least in comparison to its prey. 
One lion, for example, might consume 50 zebras in the African savannah 
during the course of a year. In so far as the extinction of cither is 
concerned, they usually exist in the free-living state in such ratios, and 
to destroy one lion would be equivalent to destroying 50 zebras. To 
destroy one tiger might be equivalent to destroying 100 wild boar. To 
destroy one snow leopard might be equivalent to destroying 300 hare. 
This is why predators, of which the lion is an example, arc so much 
more vulnerable to extinction than any prey species is likely to be. 

II— PjiESEJiT Position of the Lion in Gir 

Now with that background let me describe for you briefly the 
situation in the Gir Forest. The sanctuary is approximately 500 square 
mtles in size. More than half of it is teak and occupies the central 
and western portions. It coincides largely with the highest lion 
population figures obtained for any area during the census. The 
remainder is made up primarily of Acacta thorn scrub, with about ten 
per cent being given over to agricultural encroachment and village sites. 

It is inhabited by 8000 people, most of whom are maldhari, and 
depend on the raising of buffalo for ghte as the source of their economy. 
They maintain approximately 16,000 heads of buffalo at the present 
time, and an equal number of other assorted stock ranging from cows 
to camels. During the monsoon when the surrounding lands are under 
cultivation, Che villages outside of the sanctuary are given permission 
to bring their stock inside for grazing. They are again permitted entry 
in the dry season during scarcity years, and this year it is expected that 
they will be coming from a$ far away as Rajkot and the Rann of Kutch. 
As many as 80,000 heads have been known to enter during this period, 
and in this respect the area becomes more of a cattle sanctuary than 
a wildlife sanctuary. 

The other interests of importance are forestry and tourism. The 
teak forest is of low grade, class three or four, and is maintained on a 
40'year rotation. It supports a probable net return of something m 
the order of five or six lac rupees yearly. 
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guarantee the tourist that he would see at least something in a day s 
travel, but that they would again constitute an important part of the 
lion’s diet as they presumably once did. Although this requires further 
study, a reduction in the competition between wildlife and domestic 
stock for food and water svould probably be sufficient. However. it 
should be pointed out that there arc several hundred firearm holders m 
the sanctuary, and hearing shots at night is not uncommon, suggesting 
that there may also be a poaching problem to deal with. I don t 
understand why firearms arc permitted in the first place in a wi i 


sanctuary. 

3. Cattk number, should be limited to t. level which wtll assure 

that no further deterioration of the habitat will take place. ^ 

term thmliiig to permit the area to be used as a cattle sanctuary ey 
it carryittB capacity, y 

interests. That is no. to say that they should be 
at the stroke of a pen, for I have no doubt , ha. that kmd of aettou 
would result in the lion's starvation. , tourist 

4. My fourth and final reeommendaUon f^^'Xe 

industry. To save the lion just because its rare is not en g ^^^^ 

tile politicians who also have to deal with the 

and others affected in the process. Rather .. f the 

Imn should be capable of paying which it incurs, 

numbers of visitors that it attracts and . j^e 

And as far as .he lion is concerned .he is 

achieved is through tourism. At the present tim . 

running in the red. Many of the improvements requi^^^^^^^ beauty and 

«-g. providing marked trails, ° „ds and an interpreta- 

which are to be made known to the touns , pos ^ expensive, 

tive programme. But some of theimproveme Sasan, aud again 

'■•z- as a tarmack road between Keshod airpo other major 

another half a dozen miles bemeen Talala an j ’ ^vements done 
route by which visitors come. If the resu W comparable, then 

rnother sanctuaries and national parks can e towards the 

the income in tourist traffic should be rama 

consers-ation of the Indian lion. ,bat I read of the 

In conclusion, it is svitb considerable P accept the conversion 

recent announcement by the Gujarat Govern , j principle. Now it 

of the Gir Wildlife Sanctuary into a Nanou.l Par 
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African investigations. Its potential in the teaching of conservation to 
school children is tremendous. I dare say that there is not a single school 
boy who would not be thrilled at having a chance to see the lion. But 
all the reasons I have given do not cut much ice in the face of existing 
problems. The results of my studies thus far have indicated that the 
lion is living almost entirely on domestic stocV, and probably because 
there is very little wildlife to feed on. Yet he dose not find it to be all 
that easy to kill, and indeed tends to select the smallest prey, such as 
young buffaloes or cows. When he is successful in making a kill he is 
usually driven off it, and the harijans take the meat. This is particularly 
true in the eastern half of the Gir. And to compound the lion’s 
difficulties in the eastern Gir the landscape is open, so that it is all but 
impossible for the lion to make a kill without being seen in the process, 
and worse still to have it taken from him when he is successful. On the 
other hand, the lions in the western ranges are making their kills in the 
dense teak forests, and appear to be more successful, killing more than 
one animal on about a third of the cases which I have investigated. 
Presumably the rnaldhari finds it more dilficult to protect his stock in 
the forest. Moreover, for reasons which I do not yet understand, less 
kills appear to be taken away by the harijans. My guess is that the 
harijans have greater difficulties in locating the kills in the forest. The 
differences between the western and eastern ranges are correlated with 
the differences in the number of lious, the western ranges having about 
twice as many lions, if not more, than the eastern ranges. 

Ill — Recommendations 

Although there are many rccommendatious which I should like to 
make there arc a few which 1 consider to be paramount. 

1. The Aari/ons must be stopped from taking the meat from the 
lion kills. It is absolutely not in keeping with conservation of the lion. 
I do not know the social aspects to this problem, but I understand that 
the meat they take constitutes only a small supplement to their income. 
On the other hand, the maldhari is likely to benefit, for the lion would 
not have to make so many kills just to get enough to live on. 

2. Steps should be taken to increase the numbers of the other 
wildlife species, such as the nilgai, sambar, chital and 4-horned antelope, 
with the ultimate hope that not only would they be common enough to 
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remains to be seen how much they can do in the way of bringing 
principle into practice. 

IV — Summary 

After tracing the history of the Asiatic lion in West Asia, the 
autber discusses its precarious position in the Gir Forest Sanctuary in 
Gujarat, Western India, Some recommendations for its conservation 
arc made. 
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